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31 December 1981 t 
The T h a t i c  Nnpper (TM) i 5  a seven-band n a a l t i s p e c t r s l  high r e s o l u t i o n  scanne r  
capab le  of f n l f 5 l l i n g  t h e  o b s e r v a t i o n a l  r e q u i r e a a n t s  f o r  improved l a n d  u$e t  
water r e e o u r c e s  and food  suppp ly /d i s t r ibu t ioa  laanagem%nt. The i n s t r u m n t  
c o n s i s t s  of a scann ing  mechanism, pr imary  imaging o p t i c s ,  spectral band 
discrisni.nation o p t i c s ,  d e t e c t o r s ,  r a d i a t i v e  ccaler, i n - f l i g h t  c a l i b r a t o r  and 
o p c r a t i n g / p r o c e e s i n g  e l e c t r o n i c s .  It w i l l  c o l l e c t ,  f i l t e r  and d e t e c t  r a d i a t i o n  
froa E a r t h  i n  a swath 185 km wide. The scanning  mechanism p rov ides  t h e  c r o s s -  
t r a c k  s c a n  (swath  wfdyh) wh i l e  orbita' -notion p rov ides  s c a n  along t h e  t r a c k .  The 
v a r i a t i o n  i n  r a d i a n t  f l u x  passing t h  ah t h e  f i e l d  s t o p  o n t o  t h e  d e t e c t o r s  
creates an electrical o u t p u t  which . r e s e n t s  t h e  r a d i a n t  h i s t o r y  of t h e  l i n e .  
Thz TM w i l l  q u a n t i z e  and rnult - s i g n a l e  from a l l  its d a t a  channe l s  
( d e t e c t o r s )  i n t o  serial d i g i t 8 1  ca  € o r  subsequent RF t r a n s m i s s i o n  by t h e  
Wideband C o m u n i c a t i o n s  Subsys tea .  
14.1. TM FUFICTIONLL DESCRIPTION - 
The o v e r a l l  c o n f i g u r a t i o n  of t h e  Thematic Mappea bs sfrow in F i g u r e  14.1-1. A 
f u n c t i o n a l  i llusttarion is  p r e s e n t &  in t h e  abbrevlated hlock diagram e€ Figure 
14  .l-2.  
Radiaat energy  e n t e r s  t he  instrument: through the aparntura vhish is pro teceed  by 
the dun shade. Scanning af t h e  f i e l d  is doac by the scan  r a t r r u r  i n  t h e  
c r o s s t r a c k  d i r e c t i o n  and by t h e  motion of t h e  f l i g h t  aegment i n  t h e  alon$-tr:ick 
d i r e c t i o n .  The s c a n  mf r ro r  is a 16x21-ineh e l l i p s e  which p r e s e n t s  e q u a l  atea a t  
a l l   can a n g l e s .  I t  p rov ides  a l i n e a r  s c a n  motion cover ing  a swath on t h e  
ground 185 Km wide. The Scan Mi r ro r  E l e c t r o n i c s  (SME), a p r e c i s i o n  d i g i & a l  
d r i v e r ,  d r i v e s  t h e  m i r r o r .  A s c a n  l i n e  c o r r e c t o r  (SLC) l o c a t e d  behind the 
pr imary  opCics compensates f o r  t h e  forward motion of the s p a c e c r a f t  and a l l o w s  
t h e  s c a n  m i r r o r  to provide  u s a b l e  d a t a  i n  b o t h  s c a n  d i r e c t i o n s .  
The t e l e s c o p e  is of Ri tchey-Chre t ien  type.  It c o n t a i n s  a n  i n t e r n a l  c a l i b r a t i o n  
system f o r  bo th  t h e  v i s i b l e  and the rma l  bands. I t  ha5 a ground-comaandable 
f o c u s  ad jus tment  and a r e g i s t r a t i o n  a l ignment  mechanism f o r  t h e  in f r a - r ed  bands. 
The d e t e c t o r  package f o r  t h e  v i s i b l e  and n e a r  f n f r a r e d  ( I R )  bands (1,2,3 and 4 )  
c o n s i s t s  of 4 Z i n c a r  a r r a y s  o f  16 s i l i c o n  d e t e c t o r s  each l o c a t e d  a t  t h e  uncooled 
f o c a l  plane. The rnfddle IR bands ( 5  and 7)  c o n s i s t s  of 16 indium-antimonide 
ohoto d iodes  each. The f a r  IR Band (6)  c o n s i s t s  of 4 nercury-csd~i.vm-tcllorcae 
d e t e c t o r s .  The sensora far bands 5 ,  G and 7 a r e  located tr. s r a d i a t i v e  c o o l e r  
a t  t h e  cooled focal plane.  The p o s i t i o n s  of the uncooled and coofed Sensor 
packriges i n  t h e  o p t i c a l  systeh is shown i n  F i g u r e  14.1-3. 
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1n:eePnal c a l i b r a t i o n  and D.C. r e s t o r e ,  f o r  bo th  v i s i b l e  and t h e r w l  bands,  are 
in t roduced  d u r i n g  s c a n  m i r r o r  turu-around n e a r  t h e  p r i w  f o c a l  p l a n e  by t h e  
pr imary  o e c i l l a t i n g  c a l i b r a t L o n l r e s t o r e  s h u e t e r  assembly. This a h u t t e r  asrsembly 
o p e r a t e s  a t  t h e  same frequency  as t h e  accan mi r ro r .  The I n t e r n a l  c a l i b r a t o r  
employs t h r e e  mina tu re  tungs t en  lamps, o p t i c a l  f i l t e r e  en8 f i b e r  o p t i c e  t o  
produce e i g h t  r a d i a n c e  l e v a l a  w i t h i n  t h e  dynamic range  of each of Bands 1 t o  5 
and 7. A blackbody l o c a t e d  a d j a c e n t  t o  t h e  prime f o c a l  p l ane  is used t o  o b t a i n  
three t empera tu re  l e v e l s  i n  Band 6. The blackbody linage Is p r o j e c t e d  i n t o  t h e  
Band 6 f i e l d  of v i e w  by a mirror l o c a t e d  on  t h e  c a l i b r a t i o n / r e s t o r e  s h u t t e r .  I n  
t h e  even t  of primary s h u t t e r  f a i l u r e ,  a mechanism a c t u a t e d  by a f u s i b l e  l i n k  
will retract t h e  primary s h u t t e r  and p c d t  usage of t h e  backup s h u t t e r  
rner.’umism. The backup s h u t t e r  p rov ides  DC r e s t u r c  on ly .  The r a d i a t i v e  c o o l e r  l o  
a i t i - s t a g e  u n i t  that P rov ides  a 95OK environment f o r  t h e  d e t e c t o r s  of Bands 
5, 6 and 7.  The r a d i a t i o n  c o o l e r  door used f o r  laun.ch and :ccovery c l e a n l i n e s s -  
-as w e l l  a s  a n  e a r t h  a lbedo  ehield--has t h r e e  comnandable p o s i t i o n s :  1) door  
open, 2)  door  c l o s e d ,  3) door  ou tgas .  The door  motor ha6 a n  i n t e g r a l  b rake  
which is disengaged  when power is a p p l i e d  t o  t h e  motor and s t o p s  t h e  motor 
r o t a t i o n  when power is removed. I n  t h e  e v e n t  of door motor f a i l u r e ,  a f u s i b l e ,  
spr ing- loaded  l i n k  assembly is a c t u a t e d ,  allowing t h e  opening of t h e  r a d i a t i o n  
c o o l e r  door.  
A fgK0Und commandable focus a d ’ j ~ ~ t n ~ n t  a d r e g t e t r a t i o n  a l ignment  is provided  for 
on-o rb i t  ad jus tmen t  of t h e  f n f r e r c d  bands. T h i o  is accomplished w i t h  piezo- 
e lectr ic  a c t u a t o r  (inchworm) saeembliee Theee devices suppor t  t h e  spherical 
m l r r o r  uiount and will prcivide linear tmvemerrt: as a r e s u l t  of t h e  p r o p e r t y  of 
p i e z o - c e r m i c  m a t e r i a l  t h a t  cauees  a dimens iona l  change when a n  electrical 
charge  is induced. The succeas ive  clamping and unclamping of c o l l a r s  a round t h e  
p iezoceramic  rods and a p p l i c a t i o n  of v o l t a g e  to t h e  p iezoceramlc  rod niaterial 
causes  t h e  m i r r o r  t o  move provid ing  m i r r o r  f o c u s  and ad jus tment .  
The s i g n a l s  from t h e  d e t e c t o r s  are a m p l i f i e d ,  f i l t e r e d  and s e n t  t o  t h e  Tt4 
m u l t i p l e x e r .  The m u l t i p l e x e r  a c c e p t s  t h e  d a t a ,  ana log  m u l t i p l e x e s  a l l  d e t e c t o r  
channels  i n  each band on a s i n g l e  channe l ,  c o n v e r t s  t o  d i g i t a l ,  and m u l t i p l e x e s  
t he  d i g i t a l  channe l s  a long  w i t h  s y n c ,  t imecode, m i r r o r  p o s i t i o n  i n f o r m a t i o n  and 
t e l e m e t r y  i n t o  a s i g n a l  a c c e p t a b l e  t o  t h e  wideband communications subsystem. 
Th i s  d a t a  is f o m t e d  i n t o  a 84.9 Mbps d a t a  s t ream. This  f o  t is d e s c r i b e d  i n  
t h e  Data F o m t  C o n t r o l  Book, Volume V (Payload) .  
i 
LSD-WPC-26 3 
14.2 Rf PEWORMBEJCE CAPABILITIES 
I 
THEMATIC W P E R  P A W % : R  LIST 




o Normal, bands 1-7 
Reso lu t ion  
Data Rate 
Scan W r r o r  Parameters  
Swath wid th  
Act ive  s c a n  a n g l e  
Swath wid th  a t  00 N 
Data rate 
Scan f requency  
Scan p e r i o d  
Scan ra te  
Scan e€ f i c i e n c y  
Act ive  s c a n  t i n e  
Turnaround t irse 
IF%’ d w e l l  t i m e  
Scan l i n e  l e n g t h  
i n e r t i a  
Clear a p e r t u r e  
Ref l ec t ance  
Band 1 
Bond 2 t o  5 ,  7 
Band t i  
--- 
Primary TelesceJpe Parameters  
Primary d i ame te r  
Pr imary area 
Secondary o b s c u r a t i o n  d i ame te r  
Secondary o b s c u r a t i o n  a r e a  
E f f e c t i v e  f o c a l  l e n g t h  
Primary/Secondary r e f l e c t a n c e  
f /n0 .  
Band 1 
Band 2 
Band 3, 4 
Band 3, 4 
Scan Line C o r r e c t o r  
Scan f requency  
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185 km 










0.37 in- lbf-sec2 
41.05 by 53.24 c m  ( e l l i p s e )  
0 .35  
0.97 
0.94 
9.611 l l E e C  
40.6 cm 
1297.2 cm2 














A c t i v e  s c a n  t i m e  
Turnaround time 
Scan Rate in obJec t  spaca 
Rotaeion rate 
R o t a t i o n  ampl i tude  
M i r r o r  s e p a r a t i o n  
L i n e a r  image disp lacement  ampl i tude  
L i n e a r  ilgaga disp lacement  rate 
Mir ror  r e f l e c t a n c e  
Band 1 t o  4, 6 
Band 5, 7 
Focal Plane  Aeeembly 
D e t e c t o r  s i z e  
Bands 5, 7 
Bland 6 
Bands 5, 7 
Band 6 
Bands 5 ,  7 
Band 6 
Bands 5 ,  7 
Band 6 
Bands 5 ,  7 
Bacd 6 
IFOV s i z e  
Bands 5, 7 
Band 6 
--
D e t e c t o r  s e n s i t i v e  area 
Nuinbar of d e t e c t o r s  
Center - to-center  spac ing  in each row 
Center- to-center  specin$ between rows 
D e t e c t o r  o p e r a t i n g  tempera tures  
Prime Focal  Plane Assembly ---
D e t e c t o r  s i z e  
D e t e c t o r  s e n s i t i v e  a r e a  
Center - to-center  8pacing i n  each row 
Center - to-center  spac ing  between rows 
IFOV s i z e  
Number sf d e t e c t o r s  
Band6 1 t o  4 
S i g n a l  bandwidth 
D e t e c t o r  o p e r a t i n g  tempefa ture  
Relay O p t i c s  
F o l d i n g  m i r r o r  d iameter  
C l e a r  a p e r t u r e  d iameter  
SVS-10266 
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83.3X 
61.0 WJ 
10.46 r i a  
9.61 iar/aec 
576.6 mr/sec 
35. m r  
b.Ob4 cia 






2.84 by em2 
2 4.29 by 50" CQ 








900, 9 5 0 ,  looOK 
0.01036 c d  
0.0207 c m  
0.0259 cm 
42.5 urad 
107.4 by cm2 
16 each band ' 
52.02 kit% 
Io0 to 25'C 
8.06 c m  
7 . 4 4  cm 
.- 
I 
Second m i r r o r  d iameter  
Clear a p e r t u r e  diame ter 
M a g n i f i c a t i o n  
€/no.  
Mir ror  r e f l e c t a n c e  
Bands 5 ,  6 ,  7 
Ambient deva r window t ran8 mf. sa i o n  








R a d i a t i v e  Cooler  Parameters 
H o r i z o n t a l  f i e l d  of view 
V e r t i c a l  f i e l d  of view 
I n t e r m e d i a t e  s t a g e  r o d i a t o r  area 
Cold s t a g e  r a d i a t o r  a r e a  
R a d i a t i o n  s u r f  ace  c h a r a c t e r i s t i c s  
Cold s t a g e  tempera ture  c a p a b i l i t y  
Cold s t a g e  c o n t r o l  tempera tures  
3 cooled  bends 
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3 e 0  
0.98 
"93 (bands 5 ,  6, 7 )  
0.45 t o  0.52 
0.52 to 0.60 
Ob63 t o  0.69 
0.76 t o  0.90 
1.55 t o  1.75 
10.4 t o  12.5 





Black pain ted  honeycomb 
81.4*K 
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14.3 TPI MODES OF OPERATION 
-_I_--- 
There are t h r e e  TM c o n f i g u r a t i o n s :  Pr imary,  Redundant, and Mixed. I n  t h e  
primary c o n f i g u r a t i o n ,  a l l  TM components des igna ted  1 o r  p r i  
s e l e c t e d .  I n  the redundant  c o n f i g u r a t i o n ,  all Ti components d e s i g n a t e d  2 or  
redundant  have been selected. Any c o n f i g u r . a t i o s  pn ta in tng  m i x t u r e s  of "I" and 
"2"  o r  "Prise" and "Redundant" components is a mfxed c o n f i g u r a t i o n .  The command 
sequences uaed t o  o b t a i n  t h e  Primary and Redundant c o n f i g u r a t i o n s  are d e f i n e d  i n  
Paragraph 14.6 .2 .  
14.3.2 TN OPERATIONAL PII)DES 
A l a r g e  number of TM w d e s  are f e a s i b l e .  A number of s t a n d a r d  modes are d e f i n e d  
i n  t h i s  paragraph.  Model d e f i n f t i o n s  are independeat  of configuutat ioe.  The 
s t a n d a r d  Ti w d e e  ace Launch, O f f ,  Standby> and Iwgc. 
I n  mode t h e  Tp5 is conf igured  6;s if it- were i n  XIsLAGE mode cxcege: power 
s u p p l i e s  are off, TM buaen A and B are d i o a b l e d ,  f u a d i r 2 k  power is d i s a b l e d ,  19  
v o l t  s t a n d b y  power is o f f ,  s a f e h o l d  and s tandby h e a t e r s  a c e  e n a b l e d ,  SpfA h e a t e r  
power i s  enabled ,  t h e  r a d i a t i v e  c o o l e r  door  is cloeed and magnet ic  door l a t c h e s  
are on. Launch mode power is a p p r o x i m t e l y * 1 2  watts. The command sequence t o  
be uaed to o b t a i n  t h e  launch ahode appears  i n  Paragraph 14.6.2. 
launch 
1 4 . 3 . 2 . 2  TEI O f f  Mode --- 
I n  t h e  off w d e  t h e  TM is coi i f igured a s  i f  i t  were In  I M G E  node except :  power 
s u p p l i e s  a r e  o f f ,  TM power buses A and B are eanbled, t h e  SMBi h e a t e r  bus 65 
enabled ,  t h e  f u s e  l i n k  but3 i a  enabled ,  the s a f e h o l d  and s t a n d b y  h e a t e r s  are 
enabled ,  and t h e  219 v o l t  s tandby pwer f a  of f .  Tnte colavland sequence r e q u i r e d  
t o  p l a c e  t h e  TM i n  t h e  o f f  mode a p p e a r s  i n  Paragraph 1 4 . 5 . 2 .  
1 6 . 3 . 2 . 3  TM Standby Mode 
The TM standby node main ta ins  t h e  TM, t h e r m l l y ,  sa tbt 19 w i l l  produce in- 
s p e c i f i c e t i o n  :=gee w i t h i n  f o u r  minutes of e u r n  oal IC t h e  standby node, t h e  
following, components 51e t empera ture  c o n t r o i l e d :  scm mirror assembly,  b a f f l e s ,  
caltbration blackbody, and t h e  c o l d  f o c a l  p l a n e  ass ly. I n  s tandby,  the TM fs 
concigured a8 i f  it were i n  I M G E  mode except :  t h e  p w e r  s u p p l i e s  are o f f  and 
919 v o l t  s tandby power is on. The c o m n d  sequence ased t o  o b t a i n  atandby mode 
is d e f t n e d  i n  Paragraph 14.6.2.  
- 
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14.3.2.4 TM Image Mode 
The TI4 image mode p rov ides  d a t a  t o  t h e  witlebrrd c o m n i c a t i o a s  s u b s g s t m  
r e p r e s e n t a t i v e  of t h e  m u l t i s p e c t r a l  acene  "viewed" by t h e  %M. In t h e  Imge mode 
t h e  "M c o n f i g u r a t i o n  is as fo l lows :  power supp ly  on, mux on, bands one  through 
7 on, scan m i r r o r  on i n  SAM c o n t r o l  mode, t h e m 1  shutdown enabled ,  c a l i b r a t i o n  
lamps 1, 2 and 3 on,  c a l i b r a t i o n  sequencer  on, c a l i b r a t i o n  s h u t t e r  on i n  
ampl i tude  and phase  l o c k ,  C F P A  c o n t r D l l e r  on w i t h  set p o i n t  TI selected,  
s e l e c t e d ,  door  electromagnet$ o f f ,  MDCG's on, DC 
r e s t o r e  normal,  t e l e m e t r y  s c a l i n g  on, inchworms o f f ,  LVDT on, c o o l e r  door open, 
midscan off, SI44 h e a t e r s  enab led ,  c o o l e r  t e l eme t ry  enabled  f u s e l i n k s  s a f e ,  scan 
Line c o r r e c t o r  on and b a f f l e  h e a t e r s  enabled .  The image aode command sequence 
is d e f i n e d  in Paragraph  14.6.2. 
14.3.2.5 Ear th  P o i n t i n g  Safehold  Mode 
I n  t h e  e a r t h  p o i n t i n g  s a f e h o l d  mode t h e  TM should  be conf igu red  as fo l lows :  TM 
power A and B d i s a b l e u  TM SMA h e a t e r  bus & b l e d ,  nf s a f e h o l d  h e a t e r  power and 
t h e r m o s t a t s  enabled  and e x t e r n a l  standErp h e s e r n  enabled.  The TM +L9 v o l t  
e x t e r n a l  s tandby power shou ld  be tu rned  on  as soon a s  command c a p a % l i t y  is 
e s t a b l i s h e d .  
on w i t h  
14.3.2.6 I n e r t i a l  Safehold Mode 
In t h e  i n e r t i a l  s a f e h o l d  mde, t h e  TI5 power buses a h a l l  be ecinflgured a8 in t h e  
e a r t h  p o i n t i n g  safehold  and t h e  cooSer door  shall be c losed  a s  s o m  as c o ~ n s n d  
c a p a b i l i t y  is e s t a b l i s h e d  ( s e e  Paragraph  14.6.2.26). 
14.4 THEMATIC MAPPER CONSTRAINTS 
14.4.1 TM TELEMETRY C O N S T U I H T S  
Thematic mapper p a s s i v e  ana log  t e l e m e t r y  is always v a l i d .  Analog and s e r i a l  
d i g i t a l  t e lemei -y  r e q u i r e  t h a t  t h e  TM be on and in t h e  a p p r o p r i a t e  mode. 
Te lene t ry  v a l i d i t y  is addressed  on a n  i n d i v i d u a l  t e l e m e t r y  f u n c t i o n  b a s i s  i n  
Paragraph  14.7. 
14.4.2 TM C O W D  CONSTAINTS 
14.4.2.1 
A d i s c r e t e  command s h a l l  no t  be d i r e c t e d  t o  the TM vbthLn 32 u d l l i s e c o n d s  of a 
s e r i a l  coinmand aessage associatzd w i ~ n  serial. magnitude comr?land 87-1 or 8 7 2 .  
14.4.2.2 S e r i a l  Command Message Timing 
D i s c r e t e  t o  Serial Hagnitude Comand T i m i n g  
S e r i a l  command measages a s s o c i a t e d  w i t h  a unique TM s e r i a l  cornmnd (871  o r  
s h a l l  be s e p a r a t e d  by a minimum of 10 seconds.  
872) 
LSD -IC C- 2 6 3 
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14.4.2.3 S e r i a l  Command ~ e s ~ a ~ e  Content .  
S e r i a l  command ammaagee aasoc i t t t ed  w i t h  cc~~l%am.& 873. aad 872 a h d l  contain no 
more t h a n  one (1), one (I). 
14.4.2.4 h l t i p l e x e r  Opera t ion  
The m u l t i p l e x e r  s h a l l  n o t  be commanded on if inchworm power is on. 
14.4.2.5 Mul t tp l exe r  Turn-On -- 
The m u l t i p l e x e r  turn-on co 
20 m i l l i s e c o n d s  o f  i s s u i n g  a power s u p p l y  on couune.nd (PS101 or PSZON),  one (1). 
nds (EIZllflOM o r  FNXZON) s h a l l  no t  be execu ted  w i t h i n  
14.4.2.6 Inchworm Opera t ion  
The inchworm power s u p p l y  s h a l l  n o t  be turned-oa (IWON) if t h e  m u l t i p l e x e r  is 
on. 
14.4.2.7 C a l i b r a t i o n  S h u t t e r  
Once t h e  c a l i b r a t i o n  s h u t t e r  i s  powered o f f ,  power s h a l l  n o t  Be r e s u p p l i e d  f o r  
a t  least 60 seconds t o  a l l o w  the ~ l o v  s ta r t  c a p a c i t o r  t o  d i scha rge .  
14.4.3 TEMPERATURE COAISWImS 
14.4.3.1 Scan M i r r o r  Assembly 
The s c a n  m i r r o r  s b d l  n o t  be t u r n e d w n  i f  t h e  s c a n  nitror assembly t empera tu re ,  
as monitored by +Z or -Z SXA housing t emper tu re  w n i t o r s  (TUWNSMT o r  TUPSMT), i s  
less t h a n  100~. 
14.4.3.2 Power Supply Temperature 
If t h e  power supp ly  t empera tu re  (TPST) exceeds 300 c e n t i g r a d e ,  t h e  power supp ly  
s h a l l  be t u r n e d  off. If t h e  power supp ly  t emper tu re  is lees than 10°C t h e  
e x t e r n a l  standby power s h a l l  be enab led .  
14.4.3.3 l h l t i p l e x e r  Temperature 
I f  t h e  m u l t i p l e x e r  t empera tu re  (TMIXET) exceeds SOOc, t he  mx 
o f f .  
14.4.3.4 I_ SLC Temperature 
I f  t h e  scan l i n e  c o r r e c t o r  t empera tu re  (TSLCT) exceeds 4Wc the s h a l l  be 
tu rned  o f f .  
s h a l l  turned 
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14.4.3.5 C a l  Lamp F i l t e r  TeR?erature  
Sf t h e  c a l i b r a t i o n  lamp f i l t e r  t e q e r a t u r e  ('LTJtFT) excecdo 5506 tl.it 
tu rned  o f f .  
14.4.4 PRESSURE CONSTRAINTS 
s h a l l  be 
The TM inchworm8 may be ene rg ized  a t  ambient  p r e s s u r e  o r  a f t e r  3 hours  
t o r r .  
14.4.5 OPERATIONAL CONSTRAINTS 
at 10-5 
The inchvorms s h a l l  n o t  be ene rg ized  in t h e  i n t e r v e n i n g  p r e s s u r e  reg ion .  
14.4.5.1 Duty Cycle  C o n s t r a i n t  
The TM s h a l l  not suppor t  a long  term d u t y  c y c l e  i n  excess  o t  30% on. 
14.4.5.2 Warm Up Time 
A warm-up t i m e  of less than  f o u r  minutes  is v a l i d  on ly  from t h e  s t andby  mode. 
-
14.4.5.3 A t t i t u d e  C o n s t r a i n t s  
The TK i n s t a n t a n e o u s  f i e l d  of view sha l l  no t  come wieh in  2200 of the  srl,a (see 
Figure 14 -4 -1) .  
The cooler f i e l d  o t  vfew s h a l l  no t  "view" t h e  sun f o r  more than  Live minutes. 
14.4.5 - 4  SafeholC C o n s t r a i n t s  
Sf t he  s p a c e c r a f t  s a feho ld  mode is i n i t i a t e d ,  t h e  TM sa feho ld  
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Figure 14.4-1. TI< Aperture Sun Avoidance F t e P d  . 
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14.5 TM REDUXDANCY hMD CROSS-STRAPPING - -II_ ---- 
Tho T t a n a t i c  HaFper approach  t o  redundancy r., t o  provide  b lock  redundancy f c r  
c r i t i c a l  components and backup i p e r a t i o n a l  m o d e  f o r  16ss crit ical  conponencu. 
Redundant ccmponents are n e c e s s a r i l y  cross-gtrapped.  A l l  TM c ross - s t r app ing  is 
p a s s i v e  (i .e.  s e l e f c e d  by cornrand). 
1 4  - 5  1 REDUNDANT CCKPONENTS 
The redundant TM c m p o n e n t s  are l i s t e d  i n  Table  14.5-1. Each of t h e s e  
coapono-nts is compl- te ly  redundant .  The command r e c e i v e t  and command g e n e r a t o r  
redundancy is SOC w h a t  compromised in that .he primary u n l t e ,  i n t e r f a c e  on ly  
v i t h  t h e  R I U  A t i n i t  and t h e  redurdai i t  u n i t s  i n t e r f n c c  o n l y  v l t h  t h e  R I U  E u n i t s  
(ViZ: t h e s e  components are redun inn t  b u t  no t  c ross -s t rapped) .  
14.5.2 XEDUNDANCY FEATURES 
The TM c v n t a i n s  a aumbcr of baclcup colnpocenta (see Table 15.5-1)" A backup 
:omponent r e p l a c e s  a prime cornponefit but .I degrada t ion  i n  pecformance may r e s u l t  
as t h e  backup compor:>nt is rlot i d e n t i c a l  t o  the component i t  replaces. A 
n a g n e t i c  pickup t h a t  senses scan i z i r ro r  p o s i t i o n  can be s e l e c t e d  t o  control .  
m i r r o r  motion i f  e a t h  scar ang le  monltnrs f a i l .  Us@ of m g n e t i c  p ickup changes 
t h e  rrethod of m i r r o r  c o n t r o l .  A backup s h u t t e r  I s  proubded t h a t  p rov ides  t h e  
criLicnl DC-restore f u n c t i o n  of the p r f m r y  ( c a l f b r a t i o n )  s h u t t e r  bu t  doe3 not  
provide  c a l i b r a t i o n  sources .  T o  ut : l ize  t h e  backup sC...teter, t he  s h u t t e r  must be 
removed 1:rom t h e  o p t i c a l  pa th .  Th i s  can  be accomplished by command b u t  is 
i r r e v e r s i b l e .  A backup method of opening t h e  cooler door  is provided.  Once 
opened by t h i s  method t h e  door  cannot  be moved. 
I n  a d d i t € o n ,  t h e  TM d e s i g n  provides  a number of  bncli~p o p e r s t i o n  modes which 
minimize the e f f e c t s  of coaponent fsi i i ires.  Scme 06 t hese  d e s i g n  f e a t u r e s  are 
l i s t e d  i n  Table  14.5-1. 
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TaSle 14.5-1. I?! aeducdent Conponened 
F u l l y  Redundant Components 
Scan Mi r ro r  E l e c t r o n i c s  
Scan Angle Monitor 
Scan  L i n e  C o r r e c t o r  E l e c t r o n i c s  
S e r i a l  Command Rece ivers  
F f c r o  Discrete Comnainnd Genera to r s  
Power S u p p l i e s  
Back Up Com~c)nents -
Magnetic Pick 
Door F u s i b l e  Link 
Backup S h u t t e r  
- Back Up Modes 
r-la nu e 1 Ca 1J. bra t l o  n S eq ue n c i  ng 
Calibration Overrile Mode 
Blackbody Control Hodes (3) 
CFPA Cot r t ro l  Nodes ( 4 )  
Baff le  Temperature C u n t r o l  Modes (2 )  
DC Res to re  S e l e c t i o n  
Design F e a t u r e s  
I n d i v i d u a l  E l e c t r o n i c s  f o r  Each Band 
Scan Mi r ro r  Torquer Redundant f o r  “open” c o i l s  
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14.6 TEEMATIC MAPPER C 5 M I D S  
Opera t ion  o f  t h e  Thematic M&pper l a  c o n t r o l l e d  by 125 conmands: 105 l%tzmatic 
Mapper (TM) COm;ll9nds; 14 Power D i s t r i b u t i o n  U c i t  (PDU) commands; and 6 S i g n a l  
Cond i t ion ing  and C o n t r o l  Unit (SC6CU) comnrsnds. The 105  TM commands are 
comprised of 63 d i s c r e t e  commands and 42 commands d e r i v e d  from 3 serial command 
words. The TM commands are l i s t e d  i n  Table  14.6-1. The 14  d i s c r e t e  PDU 
commands a f f e c t i n g  t h e  TM a r e  l i s t e d  i n  Table  14.6-2. The 6 SChCU commands 
a f f e c t i n g  t h e  Ttl, d e r i v e d  from serial  couunand message 470 are l i s t e d  i n  Table  
14.6-3. 
TM commands are d e s c r i b e d  i n  Paragraph  14.6.1, S tandard  TM command sequences  are 
desc r ibed  in Paragraph  14.6.2, command restraints appear  in Paragraph  14.6.3, 
and f u n c t i o n a l  conmnnd schematfcs  appea r  i n  Paragraph  14.6.4. 
1 4  -6.1 COMMAND DESCRIPTIONS 
The fo l lowing  paragraphs  d e s c r i b e  t h e  o p e r a t i o n  of commands a f f e c t i n g  t h e  
Thematic Mapper. I n t e r r e l a t e d  commands are d i scussed  i n  t h e  same paregraph .  
Comeand d e s c r i p t i o n s  car. he l o c a t e d  by r e f e x r i n g  t o  t h e  command l i s t  (Table 
14.5-1). 
14.6 .I. 1 Power S u p p l y  Con t ro l  Comands  - 
The Thematic Happer has  redundant  power s u p p l i e s .  Power supply  1 is connected 
to Ins t rumen t  Module (IN) power bus A and power supp ly  2 is s u p p l i e d  by IM bus 
B. The power s u p p l i e s  are v i r t u a l l y  i d e n t i c a l  and t h e  secondary  o u t p u t s  a r e  
d iode  or-ed t o  provide  power t o  t h e  TM. The a s s o c i a t e d  t e l e m e t r y  is 
predominate ly  d e r i v e d  from t h e  or-ed buses .  Both s u p p l i e s  have b u i l t  in 
p r o t e c t i v e  c i r c u i t s  ( v i z :  over -vol tage ,  under-vol tage,  i n r u s h  c u r r e n t ,  ove r  
tempera ture ,  loed c u r r e n t ,  e t c . )  which a f f e c t  ope ra t ion .  I t  i s  p o s s i b l e  t o  
command bo th  s u p p l i e s  on wi thou t  damage t o  t h e  system. The TM power s u p p l i e s  
a r e  c o n t r o l l e d  by t h e  following six d i s c r e t e  connaands: 
632 PS15N Power Supply 1 On 
6 4 2  PSlOFF Power SUpplp  1 O f f  
605 PSZON iJow r S u p p l y  2 ON 
615 P52OFP Pover Sc1Fplj 2 Off 
736 TIISPNENA T h e m a l  Shu tdom Enable 
702 THSCND K S Thermal Shutdown Disao le  
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See Page 14-103 for  Table I!+.&-1 
See Page 14-106 f o r  Table U.6-2 
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Command 632, PSlON, t u r n s  on TM power supp ly  1. Execut ion  of PSlON rnomentarily 
("6mS) c l o n e s  power supp ly  r e l a y  K4 (see F igure  I k . 6 - 1 ) -  C1oskir.g Kb i n i t i a t e @  
t h e  puloe  s t r e t c h e r  that l a t c h e s  Rtl. Latchlng  RLl  corinectta pwcr bue A to tho 
d c  t o  d c  c o n v e r t e r  th rough a 10 ohm c u r r e n t  l i r u i t i n g  r e s i e e o r .  The s u r g e  
c u r r e n t  s e n s i n g  c i r c u i t  s h o r t s  o u t  t h e  c u r r e n t  l i m i t i n g  r e s i s t o r  when t h e  
Cur ren t  su rge  i s  p a s t  and t h e  i n p u t  v o l t a g e  is above t h e  lower t h r e  
mini s w i t c h e r  and maxi-swi t c h e r  t u r n  on and provide  8econdary  vo l t ages .  
Execut ion  of PSlON r e q u i r e s  t h a t  Bue A be enabled  (ENATMA), s ince that bus 
s u p p l i e s  t h e  a u x i l l a r y  r e g u l a t o r  t h a t  powers t h e  command p u l s e  s t r e t c h e r .  The 
r e c i p r o c a l  of PSLON is PSlOFF. Execut ion  of PSLON can  be un ique ly  v e r i f i e d  f f  
power supp ly  2 is o f f  by t h e  fo l lowing  telemetry responeea:  





>LO c n t s  
>10 c n t s  
>10 c n t s  
>10 c n t s  
A l l  t e l eme t ry  f u n c t i o n s  should  a l s o  assunie nominal va lues  € o r  the o p e r a t i n g  
mode. I f  power supp ly  2 is on, power si:pply 1 will be connected t o  bus A bu t  
w i l l  no t  supp ly  secondary  v o l t a g e s  u n t i l  power supply  2 is turncrl o f f .  
Cownand 642, PSlCFF, t u r n s  o f f  power supply  l .  Execuelon of PSlOFF momentarily 
closes power s u r  ' - y  r e l z y  K 5  ( s e e  Figure  14.6-1). Clos ix~g 'C5 iiliCii.*tes t h e  
p u l s e  s t r e t c h e r  t h a t  resets main power r e l a y  PJ.1. Reset tZng RLL d i s c o n n e c t s  
power supply  1 from IM bus A. Execut ion  of  PSlOFF r e q u i r e s  t h a t  It? bus A be 
enabled .  The r e c i p r o c a l  of PSlOFF i s  PSLON. Execut ion  of PSlOFF produces t h e  
fo l lowing  t e l e m e t r y  responses :  





S t a t e  -- 
< I O  c n t s  
<lo c n t s  
(10 c n t s  
<LO c n t s  
Mode -
Comoaand 605, PSZON, t u r n s  on TM power supply  2 .  Execut ion  of PSZON momentarily 
(-6mS) c l o a e s  power supply r e l a y  Kl ( s e e  F igure  14.6-1). Clos ing  K4 i n i t l a t e e  
t h e  p u l s e  s t r e t c h e r  t h a t  l a t c h e s  K L 2 .  Latching  RLZ connec t s  power bus B t o  t h e  
dc  t o  de c o n v e r t e r  through a 10 ohm c u r r e n t  l i m i t i n g  r e s i s t o r .  The su rge  
c u r r e n t  s e n s i n g  c i r c u i t  s h o r t s  o u t  t h e  c u r r e n t  l i m i t i n g  resistor v h m  t h e  
c u r r e n t  su rge  is p a s t  and the i n p u t  v o l t a g e  is above t h e  lavcr.threshold. Ttie  
mini  s w i t c h e r  and maxi-switcher t u r n  on an3 provfde secondary v o l t a g e s .  . 
Execut ion of  PS20N r e q u i r e s  t h a t  Bus B b e  enabled  (ENATHB),  s l n c e  t h a t  bus 
s u p p l i e s  t h e  o u x i l l a r y  r e g u l a t o r  t h a t  powers t he  command p u l s e  s t r e t c h e r .  The 
r e c i p r o c a l  of PS20N is PS20FF. Execut ion  of PS2ON can be uniquely  v e r i f i e d  i f  
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Mods S t a t e  
>10 c n t a  -- 
7 __I 
Func t ion 
m s 2 1  
TM2 7v >LO c n t s  
TM227VP >10 c n t s  
TM227vEJ >LO c n t s  
-- -- -- 
A l l  t e l e m e t r y  f u n c t i o n s  should  also assume nominwl va lues  f o r  t h e  o p e r a t i n g  
mode. supply  1 le on,  power supp ly  2 w i l l  be connected t o  bus B bu t  
w i l l  n o t  supply secondary  v o l t a g e s  u n t i l  power uupply 1 i s  tu rned  o f f .  
Command 615, PSZOFF, t u r n s  o f f  power supp ly  2 .  Execut ion  of  PSZOFF momentarily 
c l o s e s  power supply  r e l a y  K 2  (see F igure  14.6-1). c l o s i n g  K2 i n i t i s t e e  t h e  
p u l s e  s t r e t c h e r  t h a t  resets = i n  power r e l a y  RL2. R e s e t t i n g  RL2 d i s c o n n e c t s  
power supply  2 from I M  bus 8 .  Execut ion  of PS20FF r e q u i r e s  that IM bus B be 
enabled .  The r e c i p r o c a l  of  PSZOFF is PSZON. Execut ion  of PSZOFF produces t h e  
If power 
fo l lowing  t e l e m e t r y  responses :  
Funct ion  S t a t e  
Commn 736, THSDNENA, enab le s  t h e  au tomat ic  J r n  o f f  o f  e i t h e r  powe s u p p l y  i f  
t h e i r  t empera ture  l i m i t  is exceeded. Execut ion  of THSDNENA l a t c h e s  r e l a y s  K 3  and 
K6  i n  t h e  mini -swi tchers .  La tch ing  K3 and K6 connec t s  t h e  o u t p u t  of t he  
tempera ture  t h r e s h o l d  d e t e c t o r  c i r c u i t  t o  t h e  shutdown p o r t  of t h e  maxi- 
s w i t c h e r .  I f  e i t h e r  power supp ly  is on and i f  i t s  tempera ture  limit ( 5 0 0 ~ )  is 
exceeded,  t h e  maxi s w i t c h e r  is i n h i b i t e d .  The r e c i p r o c a l  O F  THSBNENA is 
THSDNCIS. Execut ion  of TiISDNENA a l s o  le . tches  A16K8. Latch ing  A16K8 connec t s  
t h e  v e r i f i c a t i o n  u n i t  4-5 v o l t s  t o  t h e  t e l eme t ry  ou tpu t .  THSDNENA produces t h e  
fo l lowing  t e l eme t ry  response  i f  t h e  TM is on. 
Funct ion  S t a t e  Mode 
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Cotmand 702, TESDNDIS, d i s a b l e s  t h e  au tomat i c  over tempera ture  shutdown c i r c u i t s .  
E m c u t i o n  of THSDNDIS resets mini -swi tcher  r e l a y s  IC3 (PS2) and R6 (PSI)  and 
r e l a y  Al6K8. R e s e t t i n g  R3  and K6 ground the shutdown p o r t  of t h e  maxi-switcher 
p reven t ing  t h e  o v e r  t empera tu re  c i r c u i t s  from i n h i b i t i n g  t h e  maxi-switcher. 
R e s e t t i n g  A16K8 grounds  t h e  t h e n n a l  shutdowo t e l eme t ry  p o i n t .  The r e c i p r o c a l  o f  
TKSDNDIS is THSDNENA. Execu t ion  of THSDNDIS produces t h e  following t e l e m e t r y  
response .  
Func t ion  S t a t e  Mode -
TTRS3WN 0 Disabled  
14.6.1.2 Mul t ip l exe r  Con t ro l  Command8 
M u l t i p l e x e r  o p e r a t i o n  is c o n t r o l l e d  by two d i s c r e t e  commands and two a e r i a l  
command me8 sages .  
# Acronyz? N m e  
648 N U X l O N  Power Supply 1 t o  M U ~  O N  
6 5 8  M I X l O F F  Power Supply 1 t o  Mux Off 
6 2 1  MUX2ON Power Supply 2 t o  M u x  On 
6 3 1  MUXZOFF Power Supply 2 t o  Nux Off 
8 7 0 [  0003 J MIDSCN Midscan OR 
8 7 0 [  OOOO] RST.870 Reset 870 
Command 6 4 8  ( K U X l O N )  t u r n s  on t h e  m u l t i p l e x e r ,  when power supply  1 is On, as  
shown i n  F i g u r e  14.6-2. i n i t i a t i n g  
t h e  p u l s e  s t r e t c h e r  c i r c u i t  t h a t  l a t c h e s  NUX power r e l a y  K5. Latching  K5 
c m n e c t s  t he  +30 v o l t  o u t p u t  of power supply  1 t o  t h e  m u l t i p l e x e r  power i n p u t ,  
t u r n i n g  on t h e  mux. Execut ion  of command 648 r e q u i r e s  t h a t  power supp ly  1 be 
On, t o  provide  power t o  t h e  p u l s e  s t r e t L h e r  c i r c u i t .  Comnand 6 5 8 .  "Power Supply 
1 t o  Mux Off"  is t h e  r e c i p r o c a l  o r  complement t o  commnd 6 4 8 .  MUUX?ON is  not  
d i r e c t l y  v e r i f i a b l e .  However, i f  power supp ly  1 is on and t h e  comatarid execu te s  
c o r r e c t l y ,  t h e  t e l e m e t r y  f u n c t i o n s  l i s t e d  in Table  14.6-4 should  be w i t h i n  t h e i r  
O N  l i m i t s  w i t h i n  one major  f rame,  Command 6 5 8 ,  MVXlOFF, t u r n s  o f f  t h e  
m u l t i p l e x e r  i f  i t  is powered from power  supply  1. HUXlOFF momentarily c1dses 
hold ing  r e l a y  R1 ( s e e  F igu re  14.6-2) ,  a c t i v a t i n g  t h e  p u l s e  s t r e t c h e r  t h a t  reseis 
( u n l a t c h e s )  mux power r e l a y  K S .  Reset t ing  Ks d i sconnec t s  t h e  +3O v o l t  output. af 
power supply  1 from t h e  mux power i n p u t .  Execut ion  of command 658 r e q u i r e s  t h a t  
power supply 1 is ON. Command 6 4 8 ,  MUXlON,  i s  the  complement ( r e c i p r o c a l )  of 
command 658.  MUXlOFF i s  not  d i r e c t l y  v e r i f i a b l e ,  Howeser, i f  p o w r  supp ly  1 is 
powered t h e  m u l t i p l e x e r  and i f  power supply  2 is o f f  o r  no t  connected t o  t h e  
m u l t i p l e x e r ,  t h e n  execu t ion  of  t h e  MUXlOFF command w i l l  c ause  t h e  t e l eme t ry  
M I X l O N  momentar i ly  c l o s e s  hold ing  r e l a y  K2, 
i 
LSD-WPC-2 6 3 
SVS-10266 
31 December 2981. 
f u n c t i o n s  l i s t e d  i n  Tab le  14.6-4 t o  o b t a i n  t h e f t  OFF v a l u e s ,  the d i g i t a l  
f u n c t i o n s  t o  go t o  z e r o ,  and t c rn i ina t c  data and c l o c k  o u t p u t s  to  t h e  wideband 
nyetem. 





m 3 v N  
TNXSVN 
W X 1 3 V N  
TMlADVR 
TMXADVR 




Command 621, MUXZON, t u r n s  t h e  m u l t i p l e x e r  on assuming t h a t  Power Supply 2 i s  
on. M 2 0 N  nwusn ta r i ly  c l o e e s  hold ing  t e h y  R4 (see Figure  14.6-2), a c t i v a t i n g  
t h e  p u l s e  s t r e t c h e r  t h a t  sets mux power r e l a y  K6. S e t t i n g  K6 conuec t s  Power 
Supply 2 330 v o l t  o u t p u t  t o  t h e  - a u l t i p l e x e r  power i n p u t .  Execntiok. of comnnd 
621 r e q u i r e s  t h a t  Power Supply 2 is ON, t o  po t h e  puloc  s t r c t c h e e .  C o ~ m n d  
631, MUXZOFF, i s  t h e  complcrilcnt , , - d p r ~ c a l )  cozamnd. The command WX20R is not 
d i r e c t l y  v e r i f i a b l e .  $<owever, .f Power Supply 2 is on and Power Supply 1 is o f f  
o i  not connected t o  the u i u l t i p l e x e r ,  execucicri of :3tIX3CN w i l l  c ause  the 
t e l eme t ry  f u n c t i o n s  l i s t e d  i n  ' i ab l e  14.6-4 t o  o b t a f n  t h e i r  ON T ~ z X u e ~ .  Mm 
d i g i t a l  t e l eme t ry  t o  o b t a f n  t h e i r  on va lues  and d a t e  and c l o c k  s i g n a l s  t o  be 
ou tpu t  t o  t h e  Wideband Communications Subsystem. 
Command 631, MUXZOFF, t u r n s  t h e  m u l t i p l e x e r  o f f  assuming t h a t  i t  waa being  
powered by Power Supply 2.  MUX20FF momentarily C ~ O E ~ S  ho ld ing  r e l a y  K3 (Gee 
Figure  14.6-2), a c t i v a t i n g  t h e  p u l s e  s t r e t c h e r  t h a t  resets mux power r e l a y  K 6 .  
Resetting K6 d i s c o n n e c t s  t h e  +30 v o l t  ou tpu t  of Power Supply 2 from t h e  amx 
power i n p u t .  Command 631, MUXZON, is t h e  command complement ( r e c i p r o c s l ) .  
Execut ion of t h e  commend FilTXZOFF r e q u i r e s  t h a t  Power Supply 2 be ON. MUX2OFF l e  
n o t  d i r e c t l y  v e r i f i a b l e .  However, if Power Supply 2 i s  povering t h e  m l t i p l e x e r  
and Power Supply 1 i s  o f f  o r  not  connected t o  t h e  MUX, execu t ion  of MUXZOFP wi.11 
cauae  t h e  t e l eme t ry  f u n c t i o n s  l i s t e d  i n  Table  14.6-4 t o  o b t a i n  t h e i r  OFF values, 
d i g i t a l  f u n c t i o n  t o  e q u a l  z e r o ,  and termLnate d a t a  and clock s i g n a l s  t o  t h e  
Wideband Communications Subsystem. 
Commnnd 631, ? U X 2 0 F F ,  t u r n s  t h e  m u l t i p l e x e r  o f f  msr?u:d.rg Cha t  i t  vas be ing  
powered by Power Supply 2 .  14JX20FB m a m n t a r t l y  clones h o l d i n g  rilEay K 3  ( s c e  
Figure  14.6-2) a c t € v a t i n g  t h e  p u l s e  stretcher that reset@ mix power r e l n y  KC3. 
R e s e t t i n g  K6 disconnects the 930 v o l t  ou tpu t  of Power Supply 2 from t h e  mux 
power i n p u t .  Command 621,  MUXZON, is t h e  command complement r e c i p r o c a l .  
Execut ion  of t h e  command PiUXZOFF r e q u i r e  t h a t  power supply  2 be ON. kfUX2OFF is 
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ami Power Supply 1 f a  off  o r  not connected  t o  she IKIX, execution of ENXZOFF w i l l  
cnuse  t h e  t e l e m e t r y  f u n c t i o n s  I i a t e d  i n  Table  14.6-4 t o  o b t a i n  t h e i r  OFF vaiuas,  
d i g i t a l  f u n c t i o n  t o  e q u a l  zero ,  and terminate d a t a  and c l o c k  signal.8 to t h e  
Wideband Corarrmnicati~ns Subiaystem. 
I t  should  be no ted  t b t  bo th  TFI powar s u p p l i e s  can  be on and connec ted  t o  t h e  
m u l t i p l e x e r .  I f  t h i s  s t s c -  ”:.ists, t h e  v e r i f i c a t i o n  of single co 
be p o s s i b l e  8s t h e  t e l e m e t r y  v e r i f  ies m u l t i p l e x e r  s ta tus- -not  coarmnd execu t ion .  
B i t s  I5 and 16 of  s e r i a l  command message 870 c o n t r o l  t h e  inscartion of t h e  mid 
ticcan marker code i n t o  t h e  R1 d a t a  stream. I f  bo th  b i t s  are decoded a8 1’s t h e  
mid scan marker is i n s e r t e d  i n t o  t h e  d a t a  stream, ot‘neruise t h e  code is no t  
i n s e r t e d .  The comlrrand FIIDSCN sets b i t s  15 and 16 t o  “ones”. The command RST870 
sets a l l  t h e  b i t s  i n  word 870 t o  nze roa” .  Command word 870 i s  rece ived  and 
decoded by t h e  ser ia l  command r e c e i v e r  and l o g i c  l e v e l s  corrcapondiv& tQ the 
command b i t s  are gene ra t ed  f o r  b i t s  15 slid 16. These b i t s  are l o g i c a l l y  NAND-ed 
(&?e Figure  14.6-3) t o  produce t h o  mid scan marker i n s e r t i o n  s i g n a l  which is  
u t i l i z e d  in t h e  mux f o r m a t t e r  t o  produce 8 marker comprised of 48 words of l e v e l  
2 5 5  followed by 48 words of l e v e l  0. Command execu t ion  r e q u i r e s  t h a t  t h e  TN be 
on and t h e  ccmmnnc! rou ted  v i a  t h e  RTU t h a t  iaterfracaa with t h e  serial c o ~ m n d  
r e c e i v e r  s e l e c t e d .  
Execut ion  of MIDSCN i s  v e r i f i e d  i f  TECH13 m 0003, ‘TEIIDSCAN = 11,  and t h e  znfdecan 
marker appears i n  t h e  d a t a .  Commnd KST870 exccu t fou  is v e a i f f e d  i f  TECklO = 
0000. 
14.6.1.3 Scan Mirror Cont ro l  Commands --
The Scan Mirror Aasembly (SMA) c o n s i s t s  of a o s c i l l a t i n g  scan  m i r r o r  d r i v e n  by a 
torque motor powered by redundant e l e c t r o n i c s  c o n t r o l l e d  by redundant p o s i t i o n  
s e n s o ~ s  and microprocesaors .  The s c a n  mirror assembly i s  tempera ture  c o n t r o l l e d  
t i t  20 - +:! d e g r e e s  c e n t i g r a d e .  
SVS-10266 
3 1  Decimrber 1981 
S M  control is ob ta ined  through t h e  f o l l o w i t q  S d i s c r e t e  c nde and four 
ser ia l  CO~ZBWZW~ wssagcts: 






87 1 (8000) 
871 (4000) 
871(?000) 
8? 1 ( 1000) 




S A E S E L  
PSPUENA 
PSMhDlS 
N . W E N A  
NSWI IS 
Sl4E 1 O N / 2  OFF 
SHE 2 O N / l  OFF 
Scan Mirror Electronics Off 
SAM 1 to  sm 1 
SAM 2 t o  sm 2 
SN.4 9 2  Heater Enable 
SH.4 +2 Heaeer Disable 
SMA -2 Heater Enahla 
SMA -2 Heater Disrb10 
Cornmiid 748 (SkElSSt.:l,) t u r n s  scan mirror  e l a c t r o n i c a  ( S H S )  1 o n  and SI% 2 3 E E .  
T h i s  d i s c r u t e  coffi%mnd : w e t s  r u l 6 y s  II and Kbl an3 I,atc:.rc# relay K 3  cin rl:@ ?;ME 
h o s r d  (Figure 14 .e-$). ReLett i n g  t:l c o m e c t s  t h e  B C A ~  rnf rror torque w t o r  t o  
S E E  1 a o t o r  drtve o u t p u t s .  bises 
e o  $?.E 1. L a t c h t i q  K 3  J t s c u n n a c t s  SHE 2 from t h e  i -27  J o l t  buses. I t  the  TN is 
ON ( P o K e r  Supply I Q r  2 o n ) ,  execu t ion  of comakvnd FT8 w i l l  r e s u l t  in scan mfrror 
o p e r a t i o n .  I f  the TN is OFF exocu t fon  will confglgura t h e  SNli contro l  r a l r y s  and 
scan  mirror operation wlii commanca w i t h  R1 power OH. ComntRnd 823 ,  Sean Mirror 
E l e c t r o n i c s  O f f ,  is t h e  recfprocal  (comyieraaritary) cvmatwnd. SW.1SEL i s  verified 
i f  TN 1s O N  and TSMESEL 10. 
!lsrrattfn,y K2 connects t h e  2 27 v o l t  SHE power 
Command 704 (SEtE2SEL) turns SME 2 ON and SW,l OFF. T h i s  d i s c r a t 0  commsnd 
latches SHE r e l a y s  K1 and K.! and r e a a t s  re lay  K 3  (Figure 16.b-.?). Latching  K l  
connec t s  SW. 2 motor cirlve o u t p u t s  t o  t h e  scan mirror to rque  motor. La tch ing  K2 
d i s c o n n e c t s  SEE 1 from t h e  a27 v o l t  SEE htises .  %rosctttng K3 conrlccta SHE 2 t o  
+ 2 7  v o l t  power buses .  IT the  TM f e  O N ,  crwxwnd 704 f n f t i a c c s  scan mirror 
oprrstton from SME 2 .  If the TX is OFF coiumtnd 704 configures t h e  SXE c o n t r o l  
re lay  Y O  t h a t  scanning 1s lritcistcd a t  1 3  power O N .  Command 823, Scan Mirror 
E l c c t r a u l c s  OFF,  f u  t h e  reciprocni  (complenmntary) cnmmtcid. V e r i f f c n t f o n  o f  
SPiE2SE:L requires t h a t  TEl power h, O N  arid t h n t  TSSSEL - 01. 
Cornnqnd 8 2 3  (SPIFOFF) tnrns  o f  e' t h e  sisn mtroar e l e c t  ronicc.  Th!s discrete  
dluconnccts  SXE 1 from chu -427 v o l t  SEE powor kruer. Latchit ,g K3 d i s c o n n e c t s  
SXE 2 from t h e  paver ~ U R ~ S .  I-( t t w  TX is  O N  and scanning,  c o t p ~ n c ~  3 2 3  w i l l  t u r n  
o t f  the scan mirror e l t * c t r o n i c s  and scanning will s top .  I f  t'lc TX t u  OFF, 
cmmaiicf 8 2 3  w i l l  conflgure ttia SHE rclztvs ta o f f  (non-scanning) s t a t e .  T h e  
I 
c ~ . s t ~ ~ ~ n C l  l a t c h e s  S?.K r e ! a y s  P:;l and K 3  { s a n e ?  F C # i i ~ e  14 .0-h) .  tmtchin:; K: 
, 
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r e c i p r o c a l  (complementary) commands are SMELSEL and SHE2SEL. V e r i f i c a t i o n  of 
StGOFF r e q u i r e s  t h a t  TM power be On and t h a t  TSMESEL = 00. 
CoJlmand 750, SMLSEL, selects Scan Angle Monitor  (SAM) 1 a8 t h e  c o n t r o l  e l e a e n t  
f o r  SME L and t h e  magnet ic  pick-up as t h e  c o n t r o l  e lement  f o r  SME 2. Discrete 
Command 750, resets SME r e l a y  K4 (see F i g u r e  14.6-4). R e s e t t i n g  K4 connec t s  S M  
1 s i g n a l s  t o  t h e  SME 1 microprocesso r ,  and t h e  magnet ic  pick-up s i g n a l s  to  t h e  
SME 2 microprocessor .  Tf SME 1 has  been s e l e c t e d ,  t h e  scan m i r r o r  w i l l  o p e r a t e  
in t h e  a c t i v e  s c a n  pe r iod  c o n t r o l  mode, which is a nornut1 o p e r a t i o n a l  mode. I f  
S a 2  has  been s e l e c t e d ,  t h e  s c a n  m i r r o r  w i l l  o p e r a t e  i n  t h e  t o t a l  pe r iod  c o n t r o l  
mode which is a backup mode. THe r e c i p r o c a l  (complement) o f  command 750 is 
command 831 which l a t c h e s  K4. Execu t ion  of SMflSEL i s  v e r i f i e d  i f  TM is On rind 
TSANSEi = 1. 
Command 831, S M S E L ,  selects SAM 2 as  t h e  c o n t r o l  e lement  f o r  S E  2 and t h e  
magnet ic  pick-up 8s  t h e  c o n t r o l  e lement  for StE 1. Discrete command S W S E L  
l a t c h e s  SME r e l a y  K4 ( s e e  F i g u r e  14.6-4). L a t c h i q  K4 r o u t e s  t h e  s i g n a l s  from 
SAM 2 t o  SME 2 and t h e  c o n t r o l  s i g n a l s  from t h e  magnet ic  pick-ups t o  SME 1 
micro-processor .  If S i 2  1 has been s e l e c t e d  t h e  s c a n  m i r r o r  will o p e r a t e  i n  t h e  
f i x e d  t o t a l  s can  pe r iod  mode and i f  SME: 2 has  been s e l e c t e d  t h e  scan m i r r o r s  
w i l l  o p e r a t e  i n  t h e  f i x e d  a c t i v e  s c a n  pe r iod  c o n t r o l  mode. Ac t ive  s c a n  pe r iod  
node is t h e  normal o p e r a t i n g  mode and f i x e d  t o t a l  per iod  is t h e  backup, mode. 
The r e c i p r o c a l  (complercent) of command 831 is command 750 w k i c h  resets Kk. 
Execut ion  of S M S E L  i s  v e r i f i e d  i f  TM i s  On and TSAHSEL 1~ 0. 
S e r i a l  Command 871,  message 8000 (PSP*%ENX), enab le s  t h e  h e a t e r  c o n t r o l l e r  t h a t  
' m a i n t a i n s  t h e  +Z end of t h e  s c a n  m i r r o r  assembly (SMA) frame a t  20 22 degrees  
centigrade (OC). Command PSHAENA resets r e l a y  ASK1 snd l a t c h e s  r e l a y  A16K6. 
R e s e t t i n g  ASK1 connec t s  t h e  +19 v o l t  buses  t o  t h e  512 v o l t  r e g u l a t o r  which 
powers the  f Z  SMA tempera ture  c o s t r o l l e r  ( s e e  F igu re  14.6-5). Latching  A16K6 
prov ides  an enab le  s i g n a l  t o  t h e  c o n t r o l l e r .  When enab led ,  t h e  temepra ture  
c o n t r o l l e r  s enses  (by t h e r m i s t o r )  t h e  tempera ture  of t h e  +Z end of t h e  s c a n  
m i r r o r  €raw and t u r n s  a 25 ohm r e s i s t i v e  h e a t e r  on and o f f  as r equ i r ed  t o  
ma in ta in  t h e  t empera tu re  a t  20 52 degrees  c e n t i g r a d e  (OC). The h e a t e r  is 
powered by I M  bus A/B which must be enabled  (PDU command). I n  s r d e r  f o r  t h e  -tZ 
SHA tempera ture  c o n t r o l l e r  t o  o p e r a t e  t h e  TM must be enabled .  Execut ion  of 
PSffiENA r e q u i r e s  t h a t  t h e  TM mic ro -d i sc re t e  command g e n e r a t o r  (KDCG) A be on  and 
the command rou ted  v i a  t h e  RIU (A cr B)  which i n t e r f a c e s  w i t h  MDCG s e l e c t e d .  
The r e c i p r o c a l  (conplement)  of PSMAENA is serial  command 871 message 4000. 
P S W N A  is v e r i f i e d  i f  TM i s  On and TSMASTAT = **11, where * i n d i c a t e s  e i t h e r  1 
o r  0. 
S e r i a l  commnd 871 ,  message 4000 (PSE.'NDIS), df sables t h e  h e a t e r  cc?ntrol. 
c i r c u i t r y  t h a t  ma in ta ins  t h e  +Z end of thc SH-4 Erxnz ai 2 0 + 2 O c ,  - psym~s 
l a t c h e s  r e l a y  A5KL and resets r e l a y  h16KG. Latching  h5KL d i sconnec t6  t h e  +19 
v o l t  buses from t h e  +12 v o l t  r e g u l a t o r  t h a t  powers t h e  ONIOFF c o n t r o l l e r .  
R e s e t t i n g  A l G K 6  removes t h e  enab le  s i g n a l  (ground)  from t h e  c o n t r o l l e r .  With 
t h e  power and enab le  s i g n a l  removed the  92 h e a t e r  is o f f .  E x e ~ a t i o n  of P S a D I S  
\ 
LSi)-LTC-Z 6 3 
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r e q u i  res t h a t  Macrodi a c  re t e Command Genera tor 
t h a t  t h e  cormaand be t o u t e d  throuqh t h e  R I U  
t h e  a c t i v e  comiwnd g e n e r a t o r .  The r e c i p r o c a l  
A (prime o r  redundant  be on and 
s i d e  ( A  o r  B) t h a t  i n t e r f a c e s  w i t h  
(complement) t o  871 message (4000) 
is 871 message (8000). V e r i f i c a t i o n  of-PSr?Al)fS r e q u i r e 8  that 3 3  be OCL and 
TSNASTAT = **OD, where * f n d i c a t e e  e i t h e r  a 1 o r  (8. 
S e r i a l  871 message 2000 (NSMAENA) e n a b l e s  &he h e a t e r  control c i r c u i t r y  
t h a t  main ta ins  t h e  -2 end of t h e  SMA frame a t  20 52OC. MSMAENA l a t c h e s  r e l a y s  
ASKS and A16K7. La tch ing  ASK5 c o n n e c t s  t h e  21.5 v o l t  buses  t o  t h e  r e g u l a t o r  
which poweres t h e  c o u t r o l l e r .  La tch ing  A16K7 p r o v i d e s  t h e  e n a b l e  s i g n a l  
(ground) t o  t h e  c o n t r o l l e r .  When enabled  t h e  c o n t r o l l e r  senses t h e  tempera ture  
of t h e  -2 end of t h e  s c a n  d r r o r  f r a m  and t u r n s  t h e  r e s i s t i v e  h e a t e r  (25 o b )  
on or  off t o  c o n t r o l  t h e  tempera ture .  The h e a t e r  power is obta ined  from t h e  
Ins t rument  Module A/B bus which must be  e m b l e d  (PDU f u n c t i o n )  f o r  S U  h e a t e r  
o p e r a t i o n .  Execut ion of NSMAENA r e q u i r e s  t h a t  macrodiscre te  command g e n a r a t o r  A 
be OR (prime o r  redundant)  and t h a t  t h e  command be routed  v i a  t h e  R I U  (A o r  B) 
t h a t  i n t e r f a c e s  w i t h  t h e  s e l e c t e d  command generator. The command r e c r i p o c a l  
(complement) t o  871 (2000) is 871 (1000). Execu t ion  of N S W N A  is  v e r i f i e d  if 
TSMASTAT = 11**, where * i n d i c a t e s  e i t h e r  1 o r  8. 
Command 
S e r i a l  cornand 871  message 1000 ( N W L S )  d i s a b l e s  t h e  h e a t e r  c o n t r o l  c i r c u i t r y  
t h a t  main ta ins  t h e  temepra ture  of t h e  -Z end of t h e  s c a n  mirror frame. NSM4DIS 
resets r e l a y s  ASKS and A16K7. R e s e t t i n g  h5 f i  dinconw?cts  the 219 volt buses fr0a 
t h e  r e g u l a t o r  t h a s  powers t h e  -2 h e a t e r  c o n t r o l  circuLCs. Reset t i r rg  AX6K7 
d i s c o n n e c t s  t h e  e n a b l e  s i g n a l  from t h e  c o n t r o l  c f r c u i t .  With A5X5 and A16K2 
reset t h a  -2 SMA h e a t e r  i s  o f f ,  and a c t i v e  tempera ture  c o n t r o l  i n  not 
maintained.  Exccu t ioa  of NSMADIS requirea t h a t  m c r o d i s c r e t e  command gernerator 
A be on ( e i t h e r  prime o r  redundant)  and t h a t  t h e  coatwind be routed  v i a  t h e  R I U  
s i d e  (A o r  B )  which i n t e r f a c e s  w i t h  t h e  s e l e c t e d  conzmand g e n e r a t o r .  The 
r e c i p r o c a l  of NSMADIS is NSMAENA. V e r i f i c a t i o n  of  NSMADIS r e q u i r e s  t h a t  TM 
power be On and TSMASTAT = OO**, where * i n d i c a t e s  1 o r  8. 
14.6.1.4 S h u t t e r  Cont ro l  Commands 
The d e s i g n  of t h e  IM u t i l i z e s  a n  o s c i l l a t i n g  s h u t t e r  which obscures  t h e  f i e l d  of 
view so t h a t  dc r e s t o r a t i o n  may be performed. Two s h u t t e r s  are provided: A 
primary s h u t t e r ,  which b l o c k s  t h e  f i e l d  of view and p r o v i d e s  stimuli for 
i n t e r n a l  check of c a l i b r a t i o n ;  and a backup s h u t t e r  which only  obscures  t h e  
f i e l d  of view. The pr imary or  c a l i b r a t i o n  s h u t t e r  b locks  t h e  f i e l d  of view i n  
i ts  r e s t  p o s i t i o n  and when o p e r a t i n g  b locks  tne f l e l d  of view twice p e r  s h u t t e r  
c y c l e  a t  t h e  end o f  each m i r r o r  sweep dur ing  t h e  turn-around i n t e r v a l .  The 
s h u t t e r  o p e r a t i o n  is s y n a r o n i z e d  (phase  and ampl i tude)  t o  t h e  m i r r o r  end-of- 
s c a n  p u l s e .  During t h e  o b s c u r a t i o n  period t h e  m u l t i p l e x e r  b u f f e r  a m p l i f i e r s  are 
set  t o  l e v e l  2 1/2 +1/2 except  f o r  t h e  band 6 b u f f e r s  which are set  t o  l e v e l  
c o r r e s r o n d i n g  t o  t h e  s h u t t e r  tempera turee  A backup o h u t t e r  I s  provided i n  t h e  
event: that t h e  prirnary s h u t t e r  f a i l s .  The  backup s h u t t e r  c o n t a i n s  no stiiLZlli and 
hence provides  d c  r e s t o r a t i o n  o n l y .  The reset p o s i t i o n  of t h e  backup s h u t t e r  
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primary s h u t t e r  must be  removed from the f i e l d  af view. A f u s i b l e  l i n k  ope ra t ed  
mechaniem p rov i&s  t h i s  cc lpab i l l t y  m d  upan execu t ion  of t h e  a p p r o p r i a t e  c o m u d  
sequence t h e  c a l i b r a t i o n  s h u t t e r  is p e m n e a t I f  reaovod from t h e  f i e l d  of view 
and cannot  be ope ra t ed .  
S h u t t e r  o p e r a t i o n  is c o n t r o l l e d  by t h e  fo l lowing  t h r e e  d i s c r e t e  commands and 




706 CSHTRON C a l i b r a t i o n  S h u t t e r  On 
803 BUS BTRON Backup S h u t t e r  On 
839 SHTROFF Both SUtteK5 OFf 
871(0080) 5 F L m  A m  S h u t t e r  Fuse L i n k  
872( 0008) SFLENA Enable  S h u t t e r  Fuee Link 
872(0002) SFLFIRE F i r e  S h u t t e r  Fuse Link 
872( GOCL) FLSAPE Safe Furre L inks  
- 
Command 706 (CSHTRON) t u r n s  OR t h e  c a l i b r a t i o n  s h u t t e r  and t u r n 8  t h e  backup 
s h u t t e r  o f f .  Execut ion  of CSHTR04 reset@ r e l a y s  A6K1, h6K2, P.8KI and l a t c h e s  
r e l a y s  AYKL, A 7 K 2  and A5K3 ( s e e  F igu re  14.6-6). R e s e t t i n g  r e l a y  A7K1 connec t s  
t h e  +33 v o l t  bus  t o  t h e  s h u t t e r  d r i v e  c i r c u i t s  and t h e  4-8 v o l t  bus  t o  the +5 
v o l t  r e g u l a t o r  t h a t  powers t h e  s h u t t e r  d r i v e  l o g i c .  R e s e t t i n g  A7K2 connec t s  t h e  
- +19 v o l t  buses  to t h e  -5 v o l t  r e g u l a t o r  that p rov ides  power t o  t h e  motor d r i v e  
c i r z u i t s .  R e s e t t i n g  A 8 K l  sets t h e  d c  r e s t o r e  s i g n a l  t o  normal which selects one 
of t h e  two s h u t t e r  temperature-der i i -ed a i g n a l s  t o  be u t i l i z e d  f o r  band 6 dc 
r e sbore .  La tch ing  r e l a y  A 7 K l  d i s c o n n e c t s  t h e  4-8 and +33 volt. buses  from t h e  
backup s h u t t e r  c o n t r o l  c i r c u i t s  and l a t c h i n g  A7K2 d i s c o n n e c t s  t h e  +19 v o l t  
buses. Latcn ing  r e l a y  ASK3 selects t h e  d e  r e s t o r e  s i g n a l  d e r i v e d  fzrm t h e  
c a l i b r a t i o n  s h u t t e r  tempera ture .  Commends SHTROFP and BUSHTRON are r e c r i p r o c a l  
(complements) o f  command CSHTRON. SHTROFF should  be used t o  t u r n  of f  t h e  
c a l i b r a t i o n  s h u t t e r  and BUSWTRON should  be used t o  t u r n  0 1 1  t h e  backup s h u t t e r .  
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Execut ion  of CSWTRON produces  t h e  fo l lowing  t e l eme t ry  responses :  









ON XN LOCK 
r e q u i r e s  5 m j f  
_I 
* d o n t  care 1 or 0 
Command 803 (BUSHTRON) t u r n s  o f f  t h e  c a l i b r a t i o n  s h u t t e r  and t u r n s  on the backup 
s h u t t e r .  Execu t ion  of t h e  Command BUSHTRON resets r e l a y s  A5K3, A7K1, A7K2, A8K1 
and l a t c h e s  r e l a y s  A6K1, and A6K2. Latch ing  A6Kl and K2 d i s c o n n e c t s  t h e  +8, 
+33, +19 and -19 v o l t  buses from the  c a l i b r a t i o n  s h u t t e r  d r i v e  and con tLo l  
c i r c u i t s .  m t o r  
d r i v e  c i r c u i t a ,  connec t s  +D v o l t s  t o  tt:, +S v o l t  r e g u l a t o r  t h a t  p rov ides  power 
t o  t h e  s h u t t e r  d r i v e  logic an:! c o n n e c t s  the 219 vo?t  buses to ti12 -5 ;olZ 
r e g u l a t o r  t h a t  p rov ides  power ;o t h e  b&ckup shur 1:er m t o r  crlnrto1 cf-rcutcs.  
R e s e t t i n g  ABK1 and A5K3 seleiitr; t h e  k c k u u  s h u t t e r  tenperzcure-der ived  sfgnal 
from band 6 d c  r e s t o r e .  Commnds CSHTRON and SI1TROOfF arc rccipr3xL.s 
(complements) t o  CSHTPDX'. Verl f f c n t i o n  of aUSiIT!iOi.1 reqci*es t h s t  TWSPTR I.** 
w i t h i n  1 major frame and TBUSHTR - 111 and 'I"C4LSHTR p 000 w?th fn  5 major f r ~ ; ? e s .  
Command 839 (SHTROFF) t u r n s  o f f  both  ( e i t h e r )  c t iu t t e r .  Execut ion  o f  SKTROFF 
l a t c h e s  r e l a y s  AGK1, AGK2, A7K1 and A7K2 (see F igure  14 6-6).  Latch ing  r e l a y e  
A6K1 and K2 d i s c o n z e c t s  t h e  i - 33 ,  i-19, -19 and +8 v o l t  bcses from t h e  backup 
s h u t t e r  motor d r i v e  and c o n t r o l  c i r c u i t s .  La tch ing  h7K1 and K2 d i s c o n n e c t s  t h e  
i-33, SL9, -19 and 98 v o l t  buses  from t h e  backup s h u t t e r  m t o r  d r f w  and c o n t r o l  
c i r c u i t s .  The commands CSHTRON and BUSHTROEr are r e c i p r o c a l s  (compler.: t s )  tc 
SHTROFF. V e r i f i c a t i o n  o f  3HTROFF requires t h a t  TM be on and b o t h  TC&St:TR - 000 
and TBUSHTR = 000. 
R e s e t t i n g  A X 1  and K2 coni iec ts  +33 v o l t 0  t o  che backup s h u t t e r  
4 
Command 872 message 0008 (SFLENA)  e n a b l e s  t h e  s h u t t e r  f u s e  l i n k  command. 
Execut ion  of SFLENA resets r e l a y  A 8 K 4 ,  which connec t s  t h e  cclnbined cuarand p u l s z  
bus  t o  t h e  r e s e t  c o i l  of r e l a y  A8K6 ( s e e  F igu re  14.6-7). ExeLution of SLFENA 
r e q u i r e a  t h a t  macrod iac re t e  command g e n e r a t o r  Y ( p r f m e  o r  redundant )  be 0'3 and 
t h e  s e r i a l  comand  message be rou ted  v i a  t h e  RIU side ( A  or  0 )  t h a t  f n t e r f d c e s  
w i t h  t h e  a c t i v e  cornruand Seaerstor .  FLSAFF is t h e  reciprocal (:omplen&ne) t~ 
SLFENA. E x e c u t i o n  of SFLENA i s  v e r i f i e d  if TZHUFZLK 150. 
Cornmind 871 message 0080 (SLFARRM) ams t h e  s h u t t e r  fu se  l i n k .  SFLAPY execu t ion  
l a t d h e s  r e l a y  A8K6. Latching  r e l a y  A8K6 c o n n e c t s  t h e  combined command ?u?se bue 
t o  t h e  l a t c h  coil of r e l a y  M K 8 ,  p e r m i t t i n g  t h e  execu t ion  of C O G I ~ R L  SRFThE.  
1;-'7 
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Execut ion  of SFLAW r e q u i r e s  t h a t :  (1) a a c r o d i s c r e t c  canmend g e n e r a t o r  A be ON 
(pr'foie or  rrrduiidar-t) ( 2 )  t h e  comznc! iwsssge be rou ted  v i a  t h e  RIt' a i d e  (A  or  B) 
thnc i n t e r f a c e s  w i t h  t h e  a c t i v e  command g e n e r a t o r  (SIC Fnrnlglrayh 14.6.l.10) and 
(3 )  coaimand SLFENA be execu ted  p r i o r  t o  e x e c u t i o n  0:' SLF.4RM. Command FLSAFE is 
t h e  r e c i p r o c a l  (complement) t o  SEZARM. Execut ion  of SFLAKM is v e r i f i e d  if 
TSHRFZLK - i i a .  
Command P72 message 0002 (SFLFIRE) a c t i v a t e s  t h e  f u s i b l e  l i n k  which permanently 
removes t h e  c a l i b r a t i o n  s h u t t e r  from t h e  TM o p t i c a l  pa th .  Execut ion  of  SFLFIRE 
resets r e l a y  A8K8. R e s e t t i n g  AeK8 t u r m  on t h e  t r a n s i s t o r  sui t c h e s  which 
connec t  IH bus  v o l t a g e  t o  t h e  f u a i b l e  link h e a t e r  (see Figure  14.6-7). The 
F u s i b l e  l i n k  suhuequeiit ly s o f t e n s ,  r e l e a s i n g  t h e  spring which e x t r a c t s  the 
c a l i . b r a t i o n  c lhut tc r  from t h e  f i e 1 3  o f  view. Sof t en ing  of t h e  f d s i b l e  l i n k 3  
r e q u i r e s  approximate ly  TRD seconds  and is dependent upon IM bus vo l t age .  
F u s i b l e  l i n k  a c t i v a t f a n  is i r r e v e r s i b l e .  Execut ion  o f  SFLFIRE r e q u i r e s  t h a t :  
(1) m a c r o d i s c r e t e  comrnaqj. g e n e a r t o r  B is ON (prime or r edundan t ) ,  ( 2 )  t h e  
command message is r o u t e d  t o  t h e  R I U  side ( A  3r B )  t h a t  i n t e r f a c e s  w i t h  t h e  
a c t i v e  cnmaand g e n e r a t o r  (see Paragraph  14.6.1.10); and (3) t h e  s h u t t e r  f u s e l i n k  
f a  armed ( execu t ion  of  SFLAIt\( comaand). Command FLSAFE i s  t h e  r e c i p r o c a l  
(complement) t c  SFLFIRF. f p  t h e  s e n s e  t h a t  i t  l a t c h c s  r e l a y  ARK8 h u t  i s  does .lot 
r e - a c t i v a t e  t h e  c a l i b r a t f w  s h t t c r .  Execut ion  of Sk3.FIKE I3 v e r i f i e d  i f  
TSHRFZLKC - 11:. 
Command 872 message 0001 (FLSMZFI) d l ~ a b l c s  fuse link o p e r a t i o n .  Execucfon of 
FLShFE l a t c h e s  r e l a y s  A8K3, h8K4, A8K54, M K 6 ,  A8K7 and ABK8 ( see  Fd5;are 14.6-7 
and  14.6-13). L-itching A8K7 and A8K8 d f s c o n n e c t s  TM bus power from the swi tch-s  
t h a t  c o n t r o l  t h e  c o o l e r  door and c i l i b r n t i o n  s h u t t e r  f u s i b l e  l i n k  h e a t e r s .  
La tch ing  ACKS c i . d  A 8 K 6  d i s c o n n e c t s  t h e  r.s,-outs of those  r e l a y s  from t h e  l a t c h  
c o i l s  of AGKI and A8K8. Latch ing  A8K3 in2 A8t:4 d i s c m n c c t s  t h e  combined command 
p;iae bus from t h e  l a t c h i n g  c o i l s  of relays ..8K5 and A9K6. Execut ion  of FLSAFE 
r e q u i r e s  t h a t  (1) m i c r o d i s c r e t e  command g e n e r a t o r  B is on ,  and ( 2 )  t h e  cdamend 
messnge is rou ted  v i a  t h e  RIU ' A  o r  B )  t h a t  i n t e r f a c e s  w i t h  t h e  etctive command 
p n e r a t o r  (see Paragraph  14.6.1 .IO). Execu t ion  of FLSAFE is v e r i f i e d  i f  TSNRFZLK - 000,  TDRFZLK = 000 iind T M  is On. 
LSD-IJPC- 26 3 
SVS-1 C266 
31 December 1982 
--. 
14.G.1.5 E l i b r a t i o n  + Control 
Eiltsrnnl c h x k  of c a l i b r a t i o n  f o r  bands one through f l v o  m d  tutn%p. 18 provided 
by three incsndascsnt lamps. Th m d i m c e  f rom the three  larope ha combined and 
routed v i e  f i b e r  o p t i c s  to  the flag motintad on tho c a l i b r a t i o n  shut ter .  The 
shuttor motLon sweeps the c a l i b r a t i o n  stiarulf scro8s ttia focal p lans  a t  the  end 
of each mirrow scan.  The lalapli can be contro l l ed  i n d i v i d i i a l l y  or i n  an 
n u t o w t i c  sequence, and f n  n con:rollad radtanca or constant vo l tage  mde.  














Y 7 1 (0004) 
Command 708 ( L P I O N )  turns  on cal ibrat ion lamp 1 i n  tho radiance contro l l ed  mode. 
Execution of  L P 1 0 N  r e s e t s  relay A3X1 ( s u a  Figure 14.6-8). Reset t ing  h3K1 
connects the p lus  and minus 19 v o l t  huties t o  the cal. lamp I 212 v o l t  regulatoh.  
The lamp c o n t r o l l e r  a p p l i e s  power to t h e  lamp and seiwse the lAmp output ustrrg w 
phc,to-diotic. The 1Amp current is  ca i?erol lrd  bo that  the ,.bJto-diadu output i s  
cons tant .  Lamp 1 t s  control led  t c  produce a rmi!wce a t  et ich detector of .- 402 
l u l l  scale. I f  the lamp sequencer Is O X ,  cat lamp I f a  t s r r w d  O N  and O F F  by the  
sequencer. Coinmud L P l O F F  t s  the rec iproca l  (cumplemcnt) t o  L P 1 3 N .  Execution of 
L P L O N  VeYfftcd l f  TLMPSTAT 6 lo*****- 
* .  I 




31 December 1981 
Command 714 (LP30FF) t u r n s  o f €  c a l i b r a t i o n  lamp 8 3 .  resets 
r e l a y  A3K6 and latches relay A3K.S (see F i g u r e  14.6-8). La tch ing  r e l a y  A3115 
d i s c o n n e c t s  t h e  4-19 vcLt buses  from t h e  c a l i b r a t i o n  lanip 13 c o n t r o l l e r .  
R e s e t t i n g  A X 4  -connects calibration lamp 83 r e t u r r  t o  t h e  r a d i a n c e  c o n t r o l  
c i r c u i t .  Command LP30FF is t h e  r e c i p r o c a l  (CO~~pfe5en6)  t o  comnrands LP30N and 
LP30RON. Execv t ion  o f  LP30FF is v e r i f i e d  i f  TEI Is on and TLMPSTAT = *a*nOO*, 
Command 7 3 4  (LPZOFF) t u r n s  o f f  c a l i b r a t i o n  lamp C2. Execu t ion  of LPZOFF l a t c h e e  
r e l a y  A3K3 and reset8 r e l a y  A3K4 (see F i g u r e  14.6-8). La tch ing  r e l a y  A3K3 
d i s c o n n e c t s  t h e  lamp 2 c o n t r o l l e r  from t h e  219 v o l t  buses .  R e s e t t i n g  r e l a y  A3K4 
c o n n e c t s  t h e  Te tu rn  f o r  c a l f b r a t i o n  lamp rF2 t o  t h e  p r o p o r t i o n a l  r a d i a n c e  
c o n t r o l l e r .  Command LPZOFF is t h e  r e c i p r o c a l  (conplement) t o  comrnanda LP2ON and 
LP2ORON. Execu t ion  of LPZOFF i s  v e r i f i e d  if TM is on and TLMPSTAT **OO***. 
Execu t ion  of LP30FF 
Command 738, LPlOFF, turns off  c a l i b r a t i o n  larap C 1 .  Execu t ion  of LPlOFF l a t c h e s  
r e l a y  A3Kl and resets r e l a y  A3K2 (see Figure 14.6-8). La tch ing  r e l a y  A3K1 
c i s c o n n e c t s  t h e  219 v o l t  buses  fonn t h e  C a l i  b r a t i o n  lamp #l c o n t r o l l e r .  
R e s e t t i n g  A3K2 c o n n e c t s  t h e  r e t u r n  t o r  c a l  lamp #1 t o  i t s  p r o p o r t i o n a l  r a d i a n c e  
c o n t r o l l e r .  Command LPlOFF is  t h e  r e c i p r o c a l  (complement) t o  commands LPlON and 
LPLORON. Execut ion of LPIOFF i s  v e r i f i e d  if TM i s  on and TLWSTAT - OO*****. 
CoscgTd 740, LP30N, t u r n s  o f f  c a l i b r a t i o n  lamp t 3 .  Execu t ion  af LP30N resets 
r e l a y  aa (see Figure 14.6-8) which conncc ta  Che 4-19 volt buses eo t h e  
r e g u l a t o r  t h a t  powers c o l  lamp 3 and i t s  c o n t r o l l e r .  VTeh pswer  a p p l i e d ,  lamp 3 
o p e r a t e s .  I n  t h e  normal mode lamp 3 Is controlled by a photo-diode t h a t  senses 
lamp o u t p u t .  I f  t h e  sequencer  i s  o f f ,  lamp 3 w i l l  be on arid produce an o u t p u t  
which p rov ides  apprcx ima te ly  20% f u l l  scala t n  each channel .  I f  t h e  sequencer  
i s  on,  l:..mp 3 is t u rned  on (@ 20:) and o f €  as r e q u i r e d  by t h e  sequencer .  
Comaand LP30N i s  t h e  r e c i p r o c a l  (complement) t o  LP30FF. Execu t ion  of LP30N is 
c p r i f i e d  i f  TLMPSTAT - ****IO*. 
ComLnand 807, LPZORON, p l a c e s  c a l i b r a t i o n  lamp 82 i n  t h e  backup c o n t r o l  aode. 
Execut ion of LPZORON l a t c h e s  r e l a y  A3KG (see F igure  14.6-8). La tch ing  r e l a y  
A3K4 c o n n e c t s  t h e  r e t u r n  of ca1 fb ra t io ; i  1smp 2 t o  ground through a f i x e d  
r e s i s t a n c e .  I f  power i s  a a p l i e d  (LP2ON) t h e  lamp i s  O N  i n  t h e  c o n s t a n t  c u r r e n t  
mode and t h e  sequence r  and photo-diode c o n t r o l  l oop  have no a f f e c t  upon 
o p e r a t i o n .  The r e c i p r o c a l  (complement) of LPZORON i s  LP20Fr. Execut ion of 
LP20RON i s  v e r i f i e d  i f  TLEPSTAT = **11***. 
I 
Command 803, LPlORON, p l a c e s  c o l l b r a t i o n  lamp 1 i n  t h e  backup c o n t r o l  node. 
Execu t ion  of LPLORON l a t c h e s  r e l a y  A3X2 ( s e e  F igu re  14.6-8). Latching r e l a y  
A 3 K 2  connec t s  t h e  r e t u r n  f o r  c a l f b r u r i o n  l a n p  b l  t o  ground through a fixed 
r c s i s t z n c e  and, hence,  t h e  lamp operates i n  a cons t an t - cu r ren t  m d e .  I n  this 
backup c o n t r o l  mode, t h e  lamp i s  on i f  power i s  e i p p l i e d  ~ n d  the sequencer has nc 
e f fect  upon lamp 1 o p e r a t i o n .  The commnd LPfOFF i s  the complement ( r e c i p r o c a l )  
ta  LPLORON. Execu t ion  o f  LPLORON is v e r i f i e d  i f  TLMPSTAT * ll*****. 
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Command 833, LP30RON, p l a c e s  c a l i b r a t i o n  lamp 3 i n  t h e  backup c o n t r o l  mode. 
Execut ion  of  LP30RON l a t c h e s  r e l a y  h3K6. La tch ing  tela A3K6 connec t s  t h e  
r e t u r n  of  c a l i b r a t i o n  lamp 3 t o  ground through a f i x e d  a i s t s lnce  (see F igure  
14.6-8). t h u s  p l ac ing  t h e  lamp i n  t h e  cons t an t - cu r ren t  mode. I f  power is 
a p p l i e d  i n  t h i s  mode, t h e  lamp is  a lways  on and una f fec t ed  by t h e  sequencer .  
Command LP30FF is t h e  r e c i p r o c a l  (coa tp lemnt)  of LP30RON. Execution of LP30RON 
is v e r i f i e d  i f  TLMPSTAT ****ll*. 
Command 871 messcge 0008 (SEQO?!) t u r n s  o n  t h e  c a l i b r a t i o n  lamp sequencer .  
Execut ion  of SEQON resets r e l a y  A8K9. R e s e t t i n g  A8K9 (see F i g u r e  14.6-9) 
connec t s  t h e  +8 volt: bus  t o  t h e  a5 v o l t  r e g u l a t o r  t h a t  powers t h e  c a l i b r a t i o n  
sequencer .  With t h e  sequencer  on and t h e  cal  lamps on i n  t h e  n o m 1  mode, t h e  
sequencer  t u r n s  t h e  lamps on and o f f  as shown in t h e  fo l lowing  t a b l e :  
Sequence Lamps 









Each s t a t e  e x l s t s  f o r  40 sweeps  or  approximate ly  2.86 seconds. The sequence 
r e p e a t s  u n t i l  t h e  sequencer  i s  turned  o f f .  The sequencer  a c t u a l l y  t u r n s  lamps 
o f f  by i n s e r t i n g  c o n t r o l  s i g n a l s  i n  t h e  r ad iance  feedback loops and hence 
r e q u i r e s  the  l a m p s  t o  be in t h e  normal mode. Command SEQOFF is t h e  r e c i p r o c a l  
(complement) of  SEQON. Execut ion  of SEQON r e q n i r e s  t h a t  (1) Macro-discrete  
command g e n e r a t o r  A be ON (pr ime o r  redundant )  and (2) t h e  command rnessage be 
routed  v i a  t h e  RIU ( A  o r  8) t h a t  i n t e r f t - ces  wi th  t h e  a c t i v e  command g e n e r a t o r .  
Execut ion  of SEQON is v e r i f i e d  i f  TWSTAT - ******l. 
Command 871 message 0004 (SEQOFF) t u r n s  o f f  t h e  c a l i b r a t i o n  lamp sequences.  
Execut ion of SEQOFF l a t c h e s  r e l a y  A8K9. Latching  AUK9 d i s c o n n e c t s  t h e  sequencer  
r e g u l a t o r  from t h e  +U v o l t  bus  ( s e e  F igu re  14.6-9). When t h e  sequencer  is o f f ,  
t h e  l n a p  o p e r a t i o n  is co i l t ro l l ed  by t h e  ON and OFF conmands. Execution of 
SEQOFF r e q u i r e s  tha: (1) macro -d i sc re t e  command g e n e r a t o r  A be on (pr ime o r  
redundant )  and ( 2 )  t h e  command message be rou ted  v i a  t h e  R I U  ( A  o r  B )  t h a t  
i n t e r f a c e s  w i t h  t h e  a c t i v e  command g e n e r a t o r .  Comnand SEQON is t h e  r e c i p r o c a l  
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14.6 .1 .6  Cold Foca l  P l ane  Array Temperature  C o n t r o l  --- 
The Cold Focal  P l e n e  Array (CFPA) i s  comprised of t h e  band 5 ,  6 (t 
In -SpecLf i ca t i  on performance of t h e s e  d e t e c t o r s  r e q u i r e s  
t empera tu res .  I n - o r b i t  c o o l i n g  is provided by a pasrafve radat iva? c o o l e r  which 
p rov ides  a CFPA tempera tu re  of less t h a n  90° Kelv in  (IC). Three  c o n t r o l l e d  
o p e r a t i n g  t empera tu res  (goo, 95' and 105'K) are provlded by ~ b ?  CFPA temperature  
c o n t r o l l e r .  The c o n t r o l l e r  u t i l i z e s  s i l i c o n  d iodes  as t h e  t empera tu re  s e n s i n g  
element i n  a p r o p o r t i o n a l  c o n t r o l l e r  to  o p e r a t e  a 3500 ohm d e p o s i t e d  h e a t e r  on 
t h e  CFPA s u b s t r a t e .  The commands used t o  c o n t r o l  CFPA temperature  are: 
Command 
Number Acronym Name 
710 CFPAONTl 
7 2 0  CFPATMOF 
744 CFPAOFF 
805 CFPA:! SEL 
811 CFPA3SEL 
CFPA C o n t r o l l e r  O N  T1 S e l e c t  
CFPA Telemetry Off 
CFPA C o n t r o l l e r  O f f  
CFPA S e l e c t  T2 
CFPA select  *r3 
Comintlnd 710 (CFPAONT1) t u r n s  on t h e  CFPA temperature  c o n t r o l l e r  and s e l e c t s  set 
po in t  T1 (90'K). Execut ion of CFPAONTl rese ts  r e l a y  A4K5 and l g t c h e s  r ~ l i a y r ~  
A4Kh, A4K7 and A4K8 (see F igure  14.6-10). Latching r e l a y  A4K6 c o n n e c t s  the + 
ncd - 19 v o l t  buses  t o  t h e  CPFA 215 v o l t  r e g u l a t o r  t h a t  powers t h e  temperature  
aens tng  and monitor ing ( t e l e a e t r y )  c i r c u i t s .  R e s e t t i n g  A 4 U  c o n n e c t s  t h e  o u t p u t  
of t h e  515 v o l t  r e g u l a t o r  t o  t h e  p r o p o r t i o n  temperature  c o n t r o l l e r .  La tch ing  
A4K7 and A4K8 s e l e c t  t empera tu re  c o n t r o l  p o i n t  TI by not s h o r t i n g  r e s i s t o r s  in 
t h e  r e f e r e n c e  v o l t a g e  g e n e r a t o r .  CFPAONTl h a s  no r e c i p r o c a l  command. Execut ion 
of CFPONTl produceo t h e  fo l lowing  t e l e m e t r y  responses .  






>2  Cnts  
>2 Cnts  
ONTl -- 
Command 7 2 0  (CFPATNOF) t u r n s  o f f  t h e  CFPA temperature  monitor  snd c o n t r o l  
c i r c u i t r y .  Execut ion of CFPATWOF resets relay A4K6 ( s e e  F igu re  14.6-10). 
Resrttfng A4K6 d i s c o n n e c t s  the C and - 19 v o l t  busep from t h e  CFPA regulator, 
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(complement) eo CFPATMOF. Execut ion  of CFPATMOF produces t h e  following t e l e m e t r y  
r c sponses  if  Tm power is on. 





<O C n t s  
- (0 Cnto - 
Command 744 (CFPAOFF) d i s a b l e s  t h e  CFPA hee tqy ,cant ro l  c f  r c u i t s .  Execut ion  o f  
CFPAOFF l a t c h e s  r e l a y  A 4 0  (see Figure  14.6-10). La tch ing  A4K5 d i s c o n n e c t s  t he  
o u t p u t s  of t h e  + and - 15 v o l t  CFPA r e g u l a t o r  front t h e  heater c o n t r o l  c i r c u i t s .  
Command CFPAONTl is the r e c i p r o c a l  (complement) t o  CFPAOFF. Execut ion  of CFPAOFF 
is v e r i f i e d  i f  TCFPA - O**l, where * - don't care 1 o r  8. 
Command 805 (CFPAZSEL) se lec ts  CFPA tempera tu re  c o n t r o l  p o i n t  T2 (95OK). 
Execut ion  of CFPAZSEL resets K*ehy hbK8 ( c m  Flgure  14.6-10). R e s e t t i n g  A4W 
changes t h e  r e f e r e n c e  v o l t a g e  t o  t h e  voltage comparator  by s h o r t i n g ,  t o  groutid a 
r e s i s t o r  i n  t h e  d i v i d e r .  CFPA'SEI, i s  not e f f e c t i v e  i E  c o n t r o l  point T3 has been 
s e l e c t e d .  Command CFPAONTl is the  rccf p r o c ~ l  t o  CFPA2SEL. Execut ion  of CFPkZSEL 
i f  v e r i f i e d  i f  TCFPA = *1*1. if 'TM is o r €  o r  t.tie CFPA eempcrature  moni tor  ~d 
c o n t r o l l e r  i s  o f f ,  CFPAZSEL cannot  be v e r i f i e d .  , 
Command 81 1, CFP.k3SEL, se lec ts  CFPA tempera ture  c o n t r o l  p o i n t  T3 (105%). 
Execut ion  of  CFFA3SEL resets r e l a y  AhK7 (see F igure  14.6-10). R e s e t t i n g  A4K7 
chnnges t h e  r e f e r e n c e  v o l t a g e  p resen ted  t o  t h e  vo l t age  comparator  by s h o r t i n g  8 
res is tor  i n  t h e  d i v i d e r  t o  ground.  CFPA3SEL o v e r r i d e s  CFPAZSEL and p rec ludes  
u t i l i z a t i o n  of se t  p o i n t  T2 u n t i l  CFPACNTl i s  executed .  Command CFPAOMTL is t h e  
r e c i p r o c a l  of CFPA3SEL. V e r i f i c a t i o n  of CFPA3SEL execu t ion  requires t h a t  TH be 
o n ,  t h e  CFPA te l eme t ry  b e  on, and TCFPA - **11. 
14.6.1.7 Blackbody Temperature  Con t ro l  
On-board check oE c a l i b r a t i o n  f o r  band 6 is provided by a conicol-shaped,  
tempra ture-cont ro l led  blackbody.  The blackbody is "viewed" once e i c h  sweep, 
du r ing  mirror tu rna round ,  v i a  a mirror  on t h e  c a l i b r a t i o n  s h u t t e r .  The 
t empera ture  of t h e  blackbody c a n  be main ta ined  a t  any of t h r e e  set  p o i n t s  u s i n g  
the c losed- loop  p r o p o r t i o n a l  c o n t r o l .  The  blackbody hcacer  ( 7 5  ohms) can  a l s o  
be ope ra t ed  i n  t h e  co imtan t  power (buckr:p) toodr. The blackbody tempera ture  
moni tor  and c o n t r o l  c i r c u i t s  are povered from t h e  f u L t - t i w  + and - 19 v o l t  
bQsce. The commands t h a t  provide  blockbody t empera tu re  c o n t r o l  are:  
r; 
i 
c ‘ I  
i 
c-- . . . 
-.* 
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B BT2 S EL 
BBBKUPON 
BET3 S EL 
BB Heater Enable 
BB Heater D i s a b l e  
BB S e l e c t  T2 
BB Backup Mode 
BB S e l e c t  T3 
Command 716, BBHTRENA, t u r n s  on t h e  blackbody t empera tu re  s e n s i n g  and conCrol 
c i r c u i t s .  Execu t ion  of BBHTRENA resets r e l a y s  A4K1, A4KL and l a t c h e s  A4K3 (see 
F igure  14.6-11). La tch ing  A4K3 c o n n e c t s  t h e  3- and - 19 v o l t  fu l l - t ime  bueea to  
t h e  + and - 12 v o l t  r e g u l a t o r s  t h a t  power t h e  blackbody t empera tu re  s e n s i n g  and 
c o n t r o l  c i r c u i t s .  R e s e t t i n g  A4Kl and A4K2 selects  temperature  c o n t r o l  p o i n t  T1 
(24OC) by removing t h e  grounds i n  t h e  r e f e r e n c e  v o l t a g e  d i v i d e r .  I f  t h e  519 
v o l t  buses  are powered, t h e  blackbody t empera tu re  is sensed by a t h e r m i s t o r  
v o l t a g e  d i v i d e r  And compared t o  T1 r e f e r e n c e  vo l t age ;  t h e  blackbody h e a t e r  
c u r r e n t  is p r o p o r t i o n a t e l y  c o n t r o l l e d  t o  ma in ta in  t h e  set p o i n t  temperature  i f  
t h e  c o n t r o l l e r  f a  i n  t h e  N O W ,  mode. The coamand RBMTRENA h a s  no c o n p f e t e  
r e c i p r o c a l  command b u t  BBH’WDT.S reacto h4K3. Execut ion  oE BBMTKENA a c t i v a t e s  t h e  
blsckbooy heater c u r r e n t  t e l e m e t r y  (TM53) and is v e r i f i e d  i f  TBCSET 130*. 
Commnd 746,  BBWTNIIS, t u r n s  off  t h e  blackbody t cwpera tu re  c o n t r o l l e r  and 
r e t u r n s  i t  t o  t h e  NOWAL molie. Execu t ion  Gf BBH‘rtUIIS renets r e l a y 8  A4K3 and 
A4K4 ( s e e  F igu re  14.6-11). Resetting A4K3 d i s c o n n e c t s  t h e  +12 v o l t  r e g u l a t o r  
t h a t  R e s e t t i n g  
A4K4 connec t s  t h e  blackbody h e a t e r  r e t u r n  t o  t h e  p r o p o r t i o n a l  c o n t r o l l e r .  
Commands BBHTRENA and BBBKUPON a r e  r e c i p r o c a l  commands. Execut ion of BBHTRDIS 
d i s a b l e s  the  blackbody h e a t e r  c u r r e n t  t e l eme t ry  (TM-53) and i s  v e r i f i e d  i f  
TBBSET = 0000 when TX is on. 
powers t h e  c o n t r o l l e r  from t h e  + and - 19 v o l t  fu l l - t ime  buses .  
Command 813, BBTZSEL, s e l e c t s  biackbody t empera tu re  c o n t r o l  p o i n t  T2 (“3OOC). 
Execut ion of BBTZSEL l a t c h e s  r e l a y  h4KZ (see Ffgure 14.6-11). Latching K2 
grounds t h e  T2 t a p  on t h e  r e f e r e n c e  v o l t a g e  dlvider caus ing  t h e  p r o p o r t i o n a l  
c o n t r o l l e r  t o  o p e r a t e  a t  t h e  T2 se t  p o i n t .  Executaon of BETZSEL cannot  change 
t h e  c o n t r o l  p o i n t  from T3 t o  TZ. To tnsure prope r  c o n f i g u r a t i o n  command 
BBHTRENA should be executed p r i o r  t o  e x e c u t i o n  of BBTZSEL. The commnd BBHTRENA 
i s  t h e  r e c i p r o c a l  t o  BBTZSEL. V e r i f i c a t i o n  of BBTZSEL r e q u i r e s  t h a t  TBBSET - 
11** and TM power be on. 
Command 817,  BBBKUPON, s e l e c r s  the c o n a t  n n t  power aode of blacl;Jjody tcaperaturc 
c o n t r o l .  Cxvcution 3f BBBKUFOM l a t c h e s  h4K4 ( s e e  F i s u r e  14.6-11) Latch A4K4 
connec t s  t h e  blackbody h e a t e r  r e t u r n  t o  ground through a f i x e d  r e s i s t a n c e .  As 3 
r e s u l t ,  when e n e r g i z e d ,  t h e  h e a t e r  will be operaced a t  a c o n s t a n t  power r a t h e r  
t h a n  a t  a c o n t r o l l e d  temperature .  The BBGKUPON etaomand o v e r r i d e s  BBTZSEL and 
BBT3SEL. BBHTRDIS command is t h e  r e c i p r o c a l  of IBBKUPON.  Execut ion of BBBKUI’ON 
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is v e r i f i e d  i f  TBBSET - l**l and TBBHTRX > 20 counts .  BBEUPON cannot be 
v e r i f i e d  i f  TM power is off .  
Conmand 835,  BBT3SEL, selects t h e  T3 (35'C) t empera tu re  set  point for  c o n t r o l  of 
t h e  blackbody h e a t e r .  Execu t i cn  of BBT3SF.L l a t c h e s  r e l a y  84Kl (see Figure 
14.6-11). La tch ing  A4K1 grounds t h e  T3 t o p  on t h e  r e f e r e n c e  v o l t a g e  g e n e r a t o r  of 
t h e  c o n t r o l l e r  s e l e c t i o n g  T3 o v e r r i d e s  and p rec ludee  selection of s e t  p o i n t  T2. 
S e l e c t i o n  of T3 is i n h i b i t e d  by select in  of t h e  bsckup mode Command BBHTRENA is 
t h e  r e c i p r o c a l  of EBT3SEL. BET3SEL v e r i f i c a t i o n  r e q u i t e s  TM power eo be on and 
TBBSET - 1*1*. 
14.6.1.8 Band S e l e c t i o n  
The Thematic Mapper q u a n t i f i e s  d a t a  i n  seven  s p e c t r a l  bands. Each band can he 
ene rg ized  s e p a r a t e l y  and,  e x c e p t  f o r  bands 5 and 7 ,  have i n d i v i d u a l  power supply  
































Band 1 ON 
Rand 2 OFF 
Band 3 ON 
Eand 4 OFF 
Band 1 OFF 
Band 2 ON 
Band 3 OFF 
Band 4 ON 
Band 7 ON 
Band 5 ON 
Band 6 OFF 
Band 7 OFF 
Rand 5 OFF 
Band 6 Od 
Command 718, BDlON, t u r n s  on t h e  d e t e c t o r s ,  preamps and postamps compris ing t h e  
16 channels  of band 1. Execut ion  of B D l O N  resets r e l a y s  A21K1, k21K2 and A21K3 
(see F i g u r e  14.6-12). R e s e t t i n g  r e l a y s  Kl, K2 and K3 connec t s  t h e  4- and - 19 
vo1.t bend buses  t o  the f o u r  215 v o l t  r e g u l a t o r s  that. p r o v i d e  t h e  power f o r  the  
band e 2 c c t r o n i c s .  The r e c i p r o c a l  o f  B D 1 0 H  is BDIOFF. V e r i f i c a t i o n  of D D l O N  
requires chat  TM be on  and TBNDSTAT = I.******. 
Coninand 752, BDlOFF,  t u r n s  on the d e t e c t o r s ,  preamps and postamps compr is ing  t h t  
16 channe l s  of band 1. Execut ion  of BDlOFF resets r e l a y s  A Z I K 1 ,  A2K2 and &?la 
LSD-k?C-26 3 
1 4 - 3 5  
_.-- . I " . _  R 
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(see F i g u r e  14.6-12). Res ' t i n g  r e l a y s  K 1 ,  K2 and K 3  c o n n e c t s  t h e  f and - 19 
v o l t  band b u s e s  t o  t h e  f o u r  CS5 v o l t  r e g u l a t o r s  c h a t  p r o v i d e  t h e  power f o r  t h e  
band e l e c t r o n i c s .  The reTiproca1  of DDLOFF io BDIONe V e r i f i c a t i o n  of  BDlOFF 
e x e c u t i o n  r e q u i r e s  t h a t  TM be o n  and TBNDSTkT - @******. 
Cornnand 754, BDZON, t u r n s  o n  t h e  detectors,  preamps and postamps ompris ing t h e  
16 channels  of band 2. Execut ion  of BDZON reset8 r e l a y s  A Z O K l ,  A20K2 and A20K3 
(see F i g u r e  14.6-12). R e s e t t i n g  r e l a y s  K1, K2 and K3 c o n n e c t s  the + and - 19 
v o l t  band buses  t o  t h e  f o u r  +LS v o l t  r e g u l a t o r s  t h a t  p r o v i d e  the power f o r  the 
band e l e c t r o n i c s .  The recipro?-al t o  BD20N is BDZOFF. Verification of BDZON 
e x e c u t i o n  r e q u i r e s  t h a t  TM be on and t h a t  TBNDSTAT - *I*****. 
Command 724, BDZOFF, t u r n s  on t h e  d e t e c t o r s ,  preamps and postamps compr is ing  the 
16 c h a n n e l s  of band 2 .  Execut ion  of BDZOFF reset8 r e l a y s  A20K1, A20K2 and A20K3 
(see F i g u r e  14.6-12). R e s e t t i n g  y e l a y s  K 1 ,  K2 and K3 c o n n e c t s  t h e  + and - 19 
v o l t  band buses  to  t h e  f o u r  215 v o l t  r e g u l a t o r s  t h a t  p r o v i d e  t h e  power f o r  t h e  
band e l e c t r o n i c s .  The r e c i p r o c a l  of  BD2OFF is BDZON. V e r i f i c a t i o n  of  BD20FF 
e x e c u t i o n  r e q u i r e s  t h a t  TM be on and t h a t  TBNDSTAT - *O*****. 
Command 728, BD30N, t u r n s  on t h e  d e t e c t o r s ,  preamps and postamps compris ing t h e  
1 6  channels  of band 3. Execut ion of B D 3 0 N  resets y e l a y s  A19K1, AL91C2 and A19K3 
( s e e  F i g u r e  14.6-12). R e s e t t i n g  r e l a y s  K1, K2 and K3 connecto t h e  4- and - 19 
v o l t  band buses  t o  t h e  f o u r  +15 v o l t  r e g u l a t o r s  t h a t  p rovide  t h e  power f o r  t h e  
band e l e c t r o n i c s .  The reFiprocnl  t o  BD3GN 1s BD30FF. V e r i f k c a t i o n  of BD30N 
e x e c u t i o n  r e q u i r e s  t h a t  t h e  TX be on and t h i t  TBNDSTAT - **l****. 
Command 756, BD30FF, t u r n s  or, t h e  d e t e c t o r s ,  preamp8 and postamps compris ing t h e  
16 channels of band 3 .  Execut ion  of BD30FF resets r e l a y s  A L 9 K 1 ,  A19K2 and A14K3 
(see Figure  14.6-12). R e s e t t i n g  r e l a y s  K1, K2 and K 3  c o n n e c t s  t h e  + and - 19 
v o l t  band buses  t o  t h e  f o u r  +15 v o l t  r e g u l a t o r s  t h a t  p r o v i d e  t h e  power f o r  t h e  
band e l e c t r o n i c s .  The r e T i p r o c a l  of BD30FF is BD30N. V e r i f i c a t i o n  of BD30FF 
e x e c u t i o n  r e q u i r e s  t h a t  t h e  TM be on and t h a t  TBNDSTAT = **0****. 
Command 758, BD40N, t u r n s  on t h e  d e t e c t o r s ,  preamps and postamps compris ing t h e  
16 channels  of band 4 .  Execut ion  of BD40N resets r e l a y s  A18X1, A18K2 and A18K3 
(see Figtire 14.6-12). R e s e t t i n g  r e l a y s  K1, K2 and K3 c o n n e c t s  t h e  + and - 19 
v o l t  buses  t o  t h e  f o u r  $15 v o l t  r e g u l a t o r s  t h a t  p rovide  t h e  power f o r  t h e  
band e l e c t r o n i c s .  The r e c i p r o c a l  oE BD40N is BD40FF. V e r i f i c a t i o n  of BD40N 
e x e c u t i o n  r e q u i r e s  t h a t  t h e  TM be on and t h a t  TBNDSTAT * ***l***. 
band 
Command 730, BDbOFF, t u r n s  on t h e  d e t e c t o r s ,  preamps and postamps compris ing t h e  
16  channels  of bend 4 .  Execut ion  of BD40FF rese ts  relays h18K1, A18K2 and h18K3 
( s e e  F i g u r e  14.6-12). R e s e t t i n g  r e l a y s  K 1 ,  K2 and K3 conriur ts  t h e  +- and - 19 
v o l t  band buses  t o  t h e  f o u r  +15 v o l t  r e g u l a t o r s  t h a t  p r w f d e  t h e  power € o r  t h e  
band e l e c t r o n i c s .  The r e c i p r o c a l  of  BD40FF i s  B D 4 0 N .  V e r i f i c a t i o n  of BD40FF 
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i 
nd 819, BDSON,  t u r n s  on t h e  d e t e c t o r s ,  preamps and postamps compr is ing  t h e  
16  channe l s  of band 5 .  Execut ion  of BDSON resets r e l a y s  A17K1, A17K2 and A17K3 
(see F igure  14.6-12). R e s e t t i n g  r e l a y s  K1, K? and K3 connocts  t h e  + and - 19 
v o l t  band buses  t o  t h e  fou r  215  v o l t  r e g u l a t o r s  t h a t  p rovide  t h e  power t h e  
band e l e c t r o n i c s .  The r e c i p r o c a l  of BDSON is BDSOFF. V e r i f i c a t i o n  of BDSON 
e x e c u t i o n  r e q u i r e s  t h a t  t h e  TM be on ;and t h a t  TBNDSTAT ****la*. 
Command 845,  BD50FF, t u r n s  on t h o  d e t e c t o r s ,  preamps and postamps c o m p r i s i q  t h e  
16  channe l s  of band 5 .  Execut ion  of BDSOFF resets r e l a y s  A17K1, A17K2 and A17K3 
(sea Figure  14.6-12). R e s e t t i n g  r e l a y s  Kl, K2 and K3 connec t s  t h e  + and - 19 
v o l t  band buses  t o  t h e  f o u r  215  v o l t  r e g u l a t a r s  t h a t  p rovide  t h e  power t h e  
band e l e c t r o n i c s .  The r e c i p r o c a l  of  BDSOFF i o  EDSON. V e r i f i c a t i o n  of ENSOFF 
e x e c u t i o n  r e q u i r e s  t h a t  t h e  TEI be on and t h a t  TBNDSTAT = ****0**. 
Command 847,  BD60N, turna on t h e  d e t e c t o r s ,  preamps and postamps compr is ing  t h e  
16  channels  of band 6. Execut ion  of BD60N r e s e t s  r e l a y s  A16K1, A16K2 and A16K3 
(see F igure  14.6-12). R e s e t t i n g  r e l a y s  K1, K2 and K3 connec t s  t h e  + and - 19 
v o l t  buses  t o  t h e  fou r  215 v o l t  r e g u l a t o r s  t h a t  p rovide  t h e  power f o r  t h e  
band e l e c t r o n i c s .  The r e c i p r o c a l  of BD60N is BDdOFF. V e r i f i c a t i o n  of BP6ON 




Command 825, BD60FF, t u r n s  on t h e  d e t e c t o r s ,  preaolps and postampe compris ing t h e  
16 channels  o€ band 6. Execut ion  OF ED6OFF r c s e t e  relays A16K1, A16K2 and A1EK.3 
(see Figure  14.6-12). Rese t t i ng  r e l a y s  K1, IC2 and K 3  connec t s  t h e  -t and - 19 
v o l t  band buses t o  t he  Lour i-15 v o l t  r e g u l a t o r s  t h a t  p rovide  t h e  power f o r  ehe 
band e l e c e r o n i c s .  T h e  rec ipr&%l of BDbOFF is BD60N. V e r i f i c a t i o n  o f  BD60FF 
e x e c u t i o n  r e q u i r e s  t h a t  t h e  TM be on and that TBNDSTAT ****hO*. 
Command 815, B D 7 0 N ,  t u r n s  on t h e  d e t e c t o r s ,  preamps and postamps c o m p r i s i q  t h e  
16 channe l s  of band 7 .  Execut ion  uf E D 7 0 N  r e s e t s  r e l a y s  A 1 S K 1 ,  A15K2 and A1SK3 
( s e e  F igu re  14.6-12). Reve t t ing  r e l a y s  K1, K2 and K3 connec t s  t h e  + and - 19 
v o l t  band buses  t o  t h e  f o u r  215  v o l t  r e g u l a t o r s  t h a t  p rovide  t h e  power f o r  t h e  
bend e l e c t r o n i c s .  The r e c i p r o c a l  of B D 7 0 N  is BD70FF. V e r i f i c a t i o n  of 5D70N 
e x e c u t i o n  r e q u i t e s  t h a t  t he  TM be on and that TBNDSTAT - ******I. 
Commnnd 8 4 1 ,  EDTOFF, t u r n s  on t h e  d e t e c t o r s ,  preamps and postamps compris ing the  
16 channels  of band 7 .  Execut ion  of BD70FF resets r e l a y s  A15K1, A15K2 and A15K3 
( s e e  Figure  14.6.4-12). Rese t t i ng  r e l a y s  K1, K2 and K3 connac t s  ehe + and - 19 
v o l t  band buses t o  t h e  fou r  +15 v o l t  r e g u l a t o r s  t h a t  p rovide  t h e  power f o r  t h e  
hand e ? e c t r o n i c s .  The r e c i p r o c a l  t o  ED7OFF is B D 7 0 N .  Veri f i c s t i o n  of ED70FF 
execu t ion  r e q u i r e s  t h a t  t h e  TN be on arid THEV’DSTAT = ******Os 
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14.6.1.9 Cooler  Door Con t ro l  
-7
The Thematic Mapper r a d i a t i v e  c o o l e r  door  cap be commanded t o  any  of t h r e e  
p o s i t i o n s :  c l o s e d ,  o u t g a s  (a posLtriot abou t  3 degr  f ro3  c l o o d ) ,  aed f u l l  
open (a p o s i t i o n  abou t  90 degrees  from c l o s e d ) .  To move t h e  door ,  t h e  followifig 
s t e p s  are requ i r ed :  (1) command t h e  door  motor d r i v e  on, (2) select t h e  
d i r e c t i o n  of  motion,  and ( 3 )  e x e c u t e  a move e n a b l e  conmand. There  are t h r e e  
micro  swi t ches  on t h e  door  assembly: one  a t  t h e  c l o s e d  p o s i t i o n ,  one a t  t h e  
o u t g a s  p o s i t i o n  and one  a t  t h e  f u l l  open p o s i t i o n .  Once t h e  move enab le  command 
i s  execu ted ,  t h e  400 Hz motor d r i v e  i s  a p p l i e d  u n t i l  any of t h e  t h r e e  
microswitch are c l o s e d  o r  u n t i l  1 5  seconds have e l apsed .  The microswi tches  
p o s i t i o n  l o g i c  i s  d i s a b l e d  f o r  t h e  i n i t i a l  1 . 5  seconds of d r i v e  t o  enab le  t h e  
door  t o  move. The door  motor  aesembly c o n t a i n s  a brake  which i s  disengaged 
du r ing  t h e  a p p l i c a t i o n  of  motor d r i v e .  
I n  t h e  even t  of a motor o r  motor d r i v e  f a i l u r e ,  t h e  door  c a n  be moved--once--to 
t h e  f u l l  open p o s i t i o n  by a c t u a t i n g  t h e  door  f u s i b l e  l i n k .  A c t i v a t i o n  of t h e  
f u s i b l e  l i n k  i s  i r r e v e r s i b l e .  
The c o o l e r  door  s h a l l  be secured  du r ing  launch  and du r ing  p e r i o d s  of v i b r a t i o n .  
Secur ing  t h e  door  c o n s i s t s  of c l o s i n g  t h e  door  and t u r n i n g  on t h e  door  
e l ec t romagne t s  which hold  t h e  door  i n  t h e  c l o s e d  p o s i t i o n .  The door  magnets 
consume approximate ly  1 2  w i p t - 3  of power and should  be turned  o f f  upon c a n p l e t i o n  
of launch.  
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Door Magnet On 
Door magnet Off 
Open Cooler Door 
C lose  Cooler  Door 
Arm Door Fuse Link 
Door Motor On 
Door Motor O f f  
Enable Door Fuse L i n k  
F i r e  Door Fuse Link 
Fuselink Safe 
Comaiand 722, DHAGON, t u r n s  on the c o o l e r  door e l e c t r o m g n e t .  Execut ion of 
DMAGON l a t c h e s  r e l a y s  A16K10 and A16KL1 ( s e e  Figure  14.6-13). La tch ing  A16K10 
L SD-WPC-2 G 3 
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and R11 connec t s  IM bus A/B t o  t h e  door  e lec t ro-magnets .  If t h e  SMA and door  
l a t c h  power are enabled ,  t h e  magnets are ene rg ized  and t h e  door  i s  h e l d  s h u t .  
D W O P P  is Lhe r e c i p r o c a l  t o  UMAGDET. 
Command 732, DMAGOFF, t u r n s  off t h e  c o o l e r  door  magnet power and selects t h e  
frame-temperature-derived d c  r e s t o r e  s i g n a l  f o r  Band 6. Execu t ion  of DMPGOFF 
resets r e l a y s  A16K10 and A16K11, and l a t c h e s  A8Kl. R e s e t t i n g  AL6KlO and K11 
d i sconnec t s  t h e  IM A/B bus from t h e  z o o l e r  door  e l ec t ro -magne t  (see F igure  
14.6-13). Turning o f f  t h e  magnet power "un la t ches"  t h e  door ,  a l lowing  i t  t o  be 
opened. La tch ing  A8Kl selects t h e  s h u t t e r  frame-temperature-derived s i g n a l  as 
t h e  3ource of t h e  band 0 d c  r e s t o r a t i o n  (see Figure  14.6-17). DC r e s t o r e  and 
c o o l e r  door  f u n c t i o n s  are not  r e l a t e d  b u t  t h e  commands were combined t o  minimize 
t h e  number of  commands. The r e c i p r o c a l s  t o  DMAGOFF is DMAGON. 
Command 870 messages are rece ived  and decoded by t h e  TM serial command r e c e i v e r .  
The decoding produces 16 l o g i c  l e v e l s  e q u l v a l a n t  to  16 bit states of t h e  command 
message. These 16 l o g i c  l e v e l %  are buf fe red  and routed  t o  t h e  a p p r o p r i a t e  
c i r c u i t s .  A 
l o g i c  ze ro  i n h i b i t s  t he  1.5 and 15 second on@-shots from i n i t i a t i n g  t h e  door  
motion sequence.  A l o g i c  one releases t h e  one-shot and i n i t i a t e 8  t h e  door  
motion. B f t  R14 is  a l s o  routed  t o  t h e  door  l o g i c  c i rcu i t s  (see Figure  14.6-14). 
The s ta te  of bie B14 is exclusive or-aid with t h e  timing s i g n a l s  t o  change w t o c  
d i r e c t i o n .  A l o g i c  zero catascs t h e  motor t o  move t he  door i n  :he open 
d i r e c t i o n ,  and a logic i causes  che motor t o  move t h e  door in t h e  c l o s e  
d i r e c t i o n .  
B i t  #13 is routed  t o  t h e  door  l o g i c  c i r c u i t  ( s e a  F i g u r e  14.6-14). 
Command 8 7 0 [ 0 0 0 8 ] ,  DOROPN, causes  the  c o o l e r  door  t o  move t o  t h e  nex t  open 
p o s i t i c n ,  i f  t h e  door  motor i s  on. Execut ion  of DOROPN p rov ides  a door  enab le  
and an open d i r e c t i o n  s i g n a l  t o  t h e  door  l o g i c  c i r c u i t s .  Execut-on of DOROPN 
r e q u i r e s  t h a t  DMTRON has  been executed .  The r e c i p r i c a l  cornmand is XST870. 
DOROPN i s  v e r i f i e d  by TECHO 0008. 
Command 870{00OC], DORCLS, c auses  t h e  c o o l e r  door  t o  move t o  t h e  nexe c lozzd  
p o s i t i o n ,  i f  t h e  door  moror is on. Execut ion  of DORCLS p rov ides  a move enab le  
and a c l o s e  d i r e c t i o n  signal t o  t h e  door l o g i c  c i r c u i t .  
Execut ion  of DORCLS r e q u i r e s  p r i o r  execu t ion  of DMTRON. The r e c i p r o c a l  is 
RST870. DORCLS is v e r i f i e d  i f  TECHO = 0006. 
Execut ion of any 870 command message r e q u i r e s  t h a t :  (1) t h e  TM be O N  and ( 2 )  
t h e  s e l e c t e d  command r e c e i v e r  (I o r  2 )  must match the  powered R 1 U  (A o r  B ) .  
Command 871 message 0100, DFLIiHM, B W Y  the cooler  door  fuse l i n k  Etr ing c i r c u i t .  
Execut ion  o f  DFLARH r e s e t 9  relay A8K5 (see Figurd 14.6-1Sj. R e s e t t i n g  43K5 
connec t s  t h e  pole  ( a rma tu re )  of A8K3 t o  the reset c o i l  o €  A8K7. If A8W has 
been reset ,  r e s e t t i n g  ABK5 connec t s  t he  combined command p u l s e  bus t o  t h e  r o s t  
c o i l  of t h e  f i r e  relay, thus arming t h e  f i r e  c i r c u i t r y .  Execut ion  o f  DFLAR!! 
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(3)  t h e  powered command g e n e r a t o r  (pr ime or redundant )  match t h e  powered RIU (A 
o r  B ) ,  and (4 )  DFLENA be execrated. The r e c i p r o c a l  t o  DFLARM is FLSAFE. 
Command 872 message (4000), DfffROU, e n a b l e s  t h e  c o o l e r  door  r 3 t o r  d r i v e  and 
d isengages  t h e  brake. Execut ion  of DMTItON Latches r e l a y  A9Kl (see F i g u r e  
14.6-14). La tch ing  A 9 K l  connec ts  t h e  33 v o l t  bus t o  t h e  motor b rake  release and 
motor d r i v e  c i r c u i t s  and connec t s  t h e  4-8 v o l t  l o g i c  bus  eo t h e  5 v o l t  r e g u l a t o r  
t h a t  powers t h e  door  l o g i c  c i r c u i t r y .  I f  power is  on, t h i s  command e n a b l e s  
t h e  door  motor d r i v e  c i r c u i t r y  so t h a t  a door  move enab le  command w i l l  c ause  t h e  
door  t o  move i n  t h e  d i r e c t i o n  s e l e c t e d .  Execut ion  of DMTRON r e q u i i z s  (1) TM 
power t o  be On, (2) macro-d iscre te  command g e n e r u t o r  E t o  be On, and (3) t h e  
command g e n e r a t o r  s e l e c t e d  (pr ime o r  redundant )  match t h e  powered R I U  (A o r  B). 
DMTROFF is  t h e  r e c i p r o c a l  command of DNTRON. 
Command 872 message ( Z O O O ) ,  DMTROEF, d i s a b l e s  t h e  c o o l e r  door  motor and engages 
the motor brake.  Execut ion  of DMTROTF l a t c h e s  r e l a y  A9Kl ( s e e  F i g u r e  14.6-14). 
La tch ing  A9Kl d l s c o n n e c t s  t h e  33-volt bus  from t h e  motor d r i v e  c i r c u i t  and t h e  
brake  release c i r c u i t  and d i s c o n n e c t s  t h e  8-vol t  l o g i c  bus  from t h e  5-vol t  
r e g u l a t o r  t h a t  p rov ides  motor logic power. Execut ion  of DMTROFF r e q u i r e s  t h a t  
(1) TM pcwer be ON,  ( 2 )  macro-d iscre te  command g e n e r a t o r  B be ON, and (3 )  t h e  
command g e n e r a t o r  s e l e c t e d  (pr i r?e  o r  redundant )  i n t e r f a c e  w i t h  t h e  powered RIG 
s i d e  ( A  o r  B}. The r e c i p r o c a l  o f  DtflROFP i n  Dt:TP,UN. 
Conmand 872 message (0040) ,  DFLENA, enables t h e  arming c i r c u i t  f o r  t n e  door  
f u s e l i n k .  Execut ion  of DPLENA resets ze lay  ARK:! (see F igure  14.6-15). 
R e s e t t i n g  A8K3 connec t s  t h e  conbinad comczand p u l s e  bus t o  t h e  reser coil and 
normal17 open c o n t a c t  of t he  s r m  r e l a y  (A6#5), t h u s  permi tc ing  execu t ion  of t h e  
arm command. Execut ion  of DFLENA r e q u i r e s  t h a t  (I) 1% power t o  be ON,  ( 2 )  macro- 
d i s c r e t e  comnzand g e n e r a t o r  B be ON,  and ( 3 )  t h e  s e l e c t e d  command g e n e r a t o r  
(pr ime o r  redundant )  match t h e  powezed s i d e  (A o r  B) of t h e  RIU. T'le r e c i p r o c a l  
of DFESA i s  FLSAG. 
Conmand 872 message (OOlO), DFLFTRE, t u r n s  on t h e  door  f u s e l t n k  h e a t e r  which 
sof  tenP the  f u s i b l e  l i n k .  Execut ion  of DFLFIRE resets r e l a y  A8K7 ( s e e  FZgure 
14.6-15). R e s e t t i n g  A8K7 connec t s  t h e  F u s i b l e  Link bus (de r ived  from IM bus h / B )  
t o  t h e  f u s i b l e  l i n k  h e a t c r  c o n t r o l  swieches.  W i t h  power a p p l i e d ,  t h e  swi t ches  
t u r n  on, app ly ing  bus  v o l t a g e  t o  t h e  f u s i b l e  l i n k  h e a t e r  (15 ohms). AE t h e  
tempera ture  r ises,  the  f u s i b l e  l i n k  s o f t e n s  and t h e  pre loaded  s p r i n g  permanently 
moves t h e  door t o  t h e  f u l l  open p o s i t i o n .  The time r e q u i r e d  t o  s o f t e n  t h e  link 
i s  a f u n c t i o n  of a p p l i e d  vo l t age .  T h e  h e a t e r  should be on f o r  "TBD" seconds f o r  
p rope r  o p e r a t i o n .  Execut icn  of DFLFIRE r e q u i r e s  t h a t  ( I )  t h e  TP! . a n ,  ( 2 )  
macro-d iscre te  conrnand g e n e r a t o r  B be on ,  ( 3 )  t h e  s e l e c t e d  corn Revera tor  
(p r iue  or  redundant )  i n t e r f a c e  w i t h  the powered side < A  o r  B) of t h e  RIU, a n d  
( 4 )  UFLARA be executt:d. T h e  r e c i p r o c a l  O L  3FLFLF.E 13 FLSAFE. 
Command 872 message 0001 (FLSBE) d i s a b l e s  f u s e  l i n k  o p e r a t i o n .  Execut ion  of 
FLSAFE l a t c h e s  r e l a y s  A 8 K 3 ,  P.8K4, h8K51-, h8K6, A8K7 and A 8 K 8  ( s e e  F igu re  14.6-7 
and 14.6-18). La tch ing  X8K7 and 1.3K8 d j s c o n n e c t s  t h e  I M  bus power from t h e  
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s w i t c h e s  t h a t  c o n t r o l  t h e  c o o l e r  door  and c a l i b r a t i o n  s h u t t e r  f u s i b l e  l i n k  
heaeers. La tch ing  ABKS and ABK6 d i s c o n n e c t s  the o u t p u t s  of t b o s e  r e l a y s  froa 
t h e  l a t c h  c o i l s  o f  A8K7 and A8KR. Latch ing  A 8 3  and h8K4 d ioconnec t s  the 
combined conmsnd p u l s e  bus fram t h e  h t c h f n g  esils cf r e l a y s  A8K5 and A8K6. 
Execut ion  of FLSAFE r e q u i r e s  t h a t  (1) mic ro -d lec re t e  co nd generatoi B is on, 
and ( 2 )  t h e  command message is rou ted  v i a  t h e  R I U  (A  or  B)  t h a t  i n t e r f a c e n  w i t h  
t h e  a c t i v e  command g e u e r a t o r  (see Taraqrsph  14.6.1.10). Execut ion  of FLSFSE is 
v e r i f i e d  i f  TSHREZLK - 000, TDRFZLK = 030 and TH is  On. 
14.6.1.10 S e r i a l  Command Con t ro l  
The Thematic Mappec u t i l i z e s  t h r e e  s e r i n 1  commands: 870, 871  and 872. 
AscqciateC w i t h  eech  e e r i a l  command i s  (P 16-b i t  message. The TPI provides  a 
redundant cornmind decoder  f o r  each  serial cornm.id. 
Command ?-a r e c e i v e d ,  decoded, and proceesed  i n t o  i 6  d i s c r e t e  b i l e v e l  l c g i c  
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i n h i b i t  Inchworm Motion 
Enable Inc:*worm Moticn 
XnhiDi t Inchworm C o n t r a c t  
Enable Inc'lwc,rm C o n t r a c t  
I n h i b i t  Inchwcrm Extend 
Enable Inchw3t-m Extend 
Di sab le  Znchwnrm 3 
Enable Inchworm 3 
CLsable Inchworm 2 
Enable Inchworm 2 
Di sab le  Inchworm 1 
Enable Inchworar 1 
I n h i b i t  Door Yotion 
F inb le  Door Motion 
D r o r  D i r e c t i o n  OpZn 
% 3r Df rect  i o n  Close 
Digable A Yi.'iC;.sc.an 
Er'nbLt A Hidscan . 
Disable €3 t l idscan 
Enable 13 Hfdscan 
( 
- .  . . I - - :  
There are two serial  c o m n l  r e c e i v e r i d e c o d e r s  assoeitite.3 w i t h  commc?rid 870. 
S e r i a l  Command Rece ive r  1 (SCR 81) interfnces e x c l u s i v e l y  wi th  R I U  8 A .  S e r i a l  
commnd r e c e i v e r  2 (SCR 8 2 )  i n t e r f a c e s  e x c l u s i v e l y  with BID 8E.  One ser ia l  
command r e c e i v e r  is on whenever t h e  TM is  on. The a c t i v e  command r e c e i v e r  fs 
s e l e c t e d  by d i s c r e t e  command. 
Command 871 is r e c e i v e d ,  decoded and processed  by Macro-discrete  Command 
Genera tor  A (MDCG-A). Only s i x t e e n  of t h e  p o s s i b l e  messages r e p r e s e n t  v a l i d  
commands. These 16  YLE are l i s t e d  i n  t h e  €allowing t a b l e .  
871 Cmmand 
Message ( E X )  
Comesnd 
hi ict  ion  
8000 Enable  SMA +Z Heater 
4000 SMA +Z Hea te r  C o n t r o l l e r  O f f  
2000 Enable  SMh -Z Hea te r  
io00 SPA -Z Hestrer C o n i r o f l c r  Off 
-. C800 Enable Tnfcrct-dini:e S t s g e  Outgas Beater  -. . . 
$ 0400 I n t e r m e d i a t e  St'age Contro iLer  On 
0200 I n t e r m e d i a t e  S t a g e  C o n t r o l l e r  O f f  
0 100 Coolzr Door F u s i b l e  L i n k  A r m  
0080 S h u t t e r  F u s i b l e  Link Arm 
oofbc S e l e c t  Scan t i n e  C o r r e c t o r  1 
0020 S e l e c t  Scan L ine  C o r r e c t o r  2 
0010 Scan L ine  C o r r e c t o r  Off 
0008 Lamp Sequencer  On 
0004 Lamp Sequencer  O f f  
0002 Inchworm On 
0001 Inchworm O f f  
Each v a l i d  decoded command produces a +f13 v o l t  p u l s e  on t h e  combined command 
p u l s e  bus  and a unique swi t ch  c l o s u r e  t o  Sround,  s i m i l a r  t o  a R I U  d i s c r e t e  
command bu t  of l onge r  d u r a t i o n .  The pr imary mCG-A i s  i n t e r f a c e d  e x c l u s i v e l y  tc 
RIU SA, whi le  MDCG-B is e x c l u s i v e l y  i n t e r f a c e d  t o  R L U  BE. There fo re  MDCC-A must 
be s e l e c t e d  bissed upon which RIU s i d e  i s  powered. MDCG's can  be on o r  o f f  and 
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Command 872 i s  r e c e i v e d ,  decoded,  and processed  by Macro-Discrete Co 
Genera to r  B (MDCG-B). M2CG-B is i d e n t i c a l  i n  & s i g n  eo MDCG-A. The 
a s s o c i a t e d  w i t h  MDCG-E a r e  shown brlo.2. EBCG-B i s  a l so  controlled by t h r o e  
commands. 
872 Command Commend 

















Cold S tage  Telemecry o f f  
Cooler  Door Motor O n  
Cooler  Door Motor Off 
B a f f l e  Heater C o n t r o l l e r  On 
B a f f l e  Heater Backup On 
B a f f l e  Heater Off 
Cold S tage  Outgiis Heater Enable 
Cold S tage  Heater C o n t r o l l e r  O n  
Cold S tage  Heater  Off 
Cooler  Door F u s e l i n k  Enable 
LVDT On 
Cooler  Door Fuse l ink  Fire  
S h u t t e r  Fuse l ink  Enable 
LVET CEE 
S h u t t e r  Fuse l ink  F i r e  
F u s e l i n k s  S a f e  


















S e l e c t  P r i m e  MDCG-A 
Select Redundanc MDCG-A 
Select  SCR # I  
S e l e c t  P r i m e  MI)CG-B 
tDCG'S O f f  
Se lec t  SCR 132 . 
S e I c c t Red u nci 8 n C PtD CG- B 
Command 726  (SELPACG) t u r n s  on Nacro -d i sc re t e  Command Genera tor  A price and 
t u r n s  o f f  EfDCG-A redundant. Execut lon  of SELPACG resets re lays  A 1 4 K 1 ,  hloii7 and 
I, S 13- kTC - '2 G 3 
1 A -4 3 
” ?  
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l a t c h e s  r e l a y s  A13W and A14K4 (see F i g u r e  l.4.6-1:5). R e s e t t i n g  A14K1 connects 
t h e  CDVU +9 v o l t  bus  t o  t h e  5 v o l t  r e g u l a t o r  t h a t  powers t h e  i n t e r f a c e  and 
decoding c i r c u i t s  of MDCG-A prime and e n a b l e s  (grounds)  t h e  decoder .  R e s e t t i n g  
AI&2 connec t s  t h e  933 v o l t  b\as t o  t h e  p u l s e  g e n e r a t o r  c i r c u i t  and connec t s  t h e  
MDCG-A Prime on t e l e m e t r y  t o  CS v o l t s .  La tch ing  A14K3 d i s c o n n e c t s  t h e  CDVU +9 
v o l t  bus from t h e  5 v o l t  r e g u l a t o r  t h a t  powers the  redundant  MDCC-A i n t e r f a c e  
and decoding c i r c u i t s ,  and d i s a b l e s  t h e  redundant  decode by d i sconnec t ing  i t s  
r e t u r n .  La tch ing  A14K4 d i s c o n n e c t s  t h e  +33 v o l t  bus  from t h e  redundant  p c l s e  
g e n e r a t o r  and grounds (sets t o  ze ro )  t h e  redundant  MDCG-A ONlOFF t e l eme t ry .  The 
r e c i p r o c a l  commsnd t o  SELPACG is SELRACG. V e r i f i c a t i o n  of SELPACG exec t i t ion  
r e q u i r e s  TI4 power t o  be ON. P rope r  execu t ion  of SELPACG w i l l  t u r n  o f f  t h e  
redundant  MDCG-A and t u r n  or t h e  prime KDCC-A. Th:Ls c o n d i t i o n  is  sensed by t h e  
t e l eme t ry  f u n c t i o n  TMDCGSEL (see Paragraph  14.7.2.23). Hence SELPACG f a  v e r i f i e d  
i f  t h e  state of TMDCGSEL is A Prime, A Prime, B Redundant, o r  bo th  P r i m e  
(mCGSEL = IO**), where * = 1 o r  0. 
Command 760, SELUCG, t u r n s  o n  t h e  redundant  kfncro-Discrete Command Geneator  
(MDCG) A and t u r n s  o f f  t h e  pr imary MDCG-A. Execut ion  of  SELRACG l a t c h e s  r e l a y s  
A14Kl and K2 and resets r e l a y s  A14K3 and :C4 (see F i g u i r e  14.6-16). La tch ing  
r e l a y  Al4Kl d i s c o n n e c t s  t h e  CDVU +9 vo l t  bus  and the e n a b l e  (ground)  s i g n a l  from 
t h e  pr imary MDCG-A i n t e r f a c a e  and decoding c i r c x i t s .  La tch ing  A14K2 d i s c o n n e c t s  
t h e  4-33 v o l t  bus  from t h e  p u l s e  g e n e r a t o r  c i r c u i t  and grounds ( s e t a  to zero) t h e  
KDCG-A primary s t a t u s  t e l eme t ry .  Resct tZng Ali5K3 connec t s  t h e  CDVU 4-9 v o l t  bus 
t o  5 v o l t  r e g u l a t o r  which powers t he  redundant  KDCG- ‘t i n t e r f a c e  and ciecoding 
C I r c u f t s ,  and grounds ( enab le s )  the command decoder .  R e s e t t i n g  A14K4 connec t s  
t h e  +33 v o l t  bus t o  the  p u l s e  g e m r o t o r  and connec t s  t h e  r sdcndant  MDCG-A stztus  
t e l eme t ry  t o  +5 v o l t s .  SELPACG is t h e  r e c i p r o c a l  command of SELRACG. 
V e r i f i c a t i o n  of SELRACG r e q u i r e s  t h a t  TM power be on. V e r i f i c a t i o n  c o n s i s t s  of 
de t e rmin ing  t h a t  t h e  redundant  EIDCG-A is  O N  and t h a t  t h e  primary EIDCG-A is  OFF. 
T h i s  c o n d i t i o n  i s  s a t i s f i e d  by THDCGSEL Ol** (see Paragraph  14.7.2.23). 
Comand 762, SCRlSEL, t u r n s  03 ser ia l  coumund receiwer (SCR) number 1 and t u r n s  
o f f  SCR number 2.  Execut ion  of SCRlSEL resets  r e l a y s  AlOKl and A l O K 2  ( s e e  
F igu re  16.6-17). R e s e t t i n g  AlQKl d i s a b l e s  SCR2 c o m n d  decoder  and enab le s  SCRl 
command encoder  by swi t ch ing  t h e  ground and connec t ing  t h e  SCR 81 s t a t u s  
t e l eme t ry  t o  +5 v o l t s .  R e s e t t i n g  AlOK2 d i s c o n n e c t s  t h e  CDVU +9 v o l t  bits from 
SCR 8 2  and connec t s  i t  to SCR 81, +5 v o l t  r e g u l a t o r -  SCR2SEL is t h e  r e c i p r i c a l  
command t o  SCRlSEL. V e r i f i c a i i o n  of  SCRlSEL r e q u i r e s  t h a t  TM power be on. 
V e r i f i c a t i o n  r e q u i r e s  t h a t  SCR #l be on. T h i s  c o n d i t i o n  is  monitored by the  
t e l e u e t r y  f u n c t i o n s  TSCRSTAT ( s e e  Paragraph  14.7.2.4) and SCRlSEL is v e r i f i e d  i f  
TSCRSTAT = 1. o r  i f  an 870 command message is executed w i t h  RIU 8B powered. 
Command 921, SELPBCC, t u r n s  on t h e  p r f i m r y  Macro-Discrete Coutwnd Gmcrator 
(XDCG) B .  Execut ion  of tIDCG-B r e s e t s  relays A14K5 and A 1 4 K 6  and l s t c h e s  re1.avs 
Ai4K7  and A 1 4 K 8  ( s e e  F igu re  14.6-16) .  R e s e t t i n g  Al&,#5 connec t s  t h e  CDVU 4-4 v o l t  
bus t o  t he  5-vol t  r e g u l a t o r  t h a t  powers t h e  p r i a a r y  .WCG i n t e r f a c e  c i r c u i t s  and 
decoders ,  and grounds ( e n a b l e s )  t h e  pr imary conmnd decoder .  R e s e t t i n g  AL4K6 
connec t s  t h e  +33 v o l t  bus t o  the pr imary command p d s e  g e n e r a t o r  and connec t s  
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t h e  pr imary PIDCG-B te leroetry t o  C5 v o l t s  (set  t o  1). La tch ing  A14K7 d i s c o n n e c t s  
t he  Cl??rJ +9 v o l t  bus from t h e  5 v o l t  r e p s l a t o r  t h a t  powers t h e  redundant X9CG-B 
command decode r  and i n t e r f a c e  c i r c i l i t v  and d i s a b l e s  (dksconnects  from ground) 
t h e  cormand decoder .  LatLhing A14K8 d i s c o n n e c t s  t h e  4-33 v o l t  bus f r o a  the 
redundant  p u l s e  g e n e r a t o r  and grounds (sets t o  z e r o )  t h e  redundant  MDCG-B s t a t u t i  
t e l eme t ry .  The r e c i p r o c a l  command o f  SELPBCG is SELRBCG. V e r i f i c a t i o n  of 
SELPBCG r e q u i r e s  t h a t  TM power be ON. V e r i f i c a t i o n  c o n s i s t s  of de te rmin ing  t h a t  
t h e  Primary MDCG-B i s  on and t h a t  t h e  Redundant MDCG is  OFF. T h i s  c o n d i t i o n  3s 
sensed by t h e  t e l e m e t r y  f u n c t i o n  TMDCGSEL (see Parag raph  14.7.2.23), and 
s a t i s f i e d  i f  TMliCGSEL 11 **lo. 
Ccmmand 827, MCGOFF, t u r n s  o f f  a l l  macro-discrete  command g e n e r a t o r e .  Execut ion 
of MCGOFF l a t c h e s  r e l a y s  A14K1 a th rough  A14K8 (see F i g u r e  14.6-16). La tch ing  
A14Kl d i s c o n n e c t s  t h e  CDVU i-9 v o l t  bus  acd  decode e n a b l e  s igna l  (ground) from 
t h e  pr imary MDCG-A. Latching A14K2 d i s c o n n e c t s  t h e  +33 v o l t  bus from t h e  MDCG-A 
p u l s e  g e n e r a t o r  and grounds t h e  MDCC-A Primary S t a t u s  Telemetry.  La tch ing  A14K3 
and A14K4 performs t h e  i d e n t i c a l  f u n c t i o n  f o r  MDCG-A Redundant. La tch ing  A14K5 
and K 6  and A14K7 and K8 performs i d e n t i c a l  o p e r a t i o n s  a t  MDCG-8 prime and MDCG-B 
Redundant r e s p e c t i v e l y .  MCGOFF h a s  no d i r e c t  r e c i p r o c a l .  V e r i f i c a t i o n  of 
MCGOFF r e q u i r e s  t h a t  TM power be ON. V e r i f i c a t i o n  c o n s i s t s  of de t e rmin ing  t h a t  
a l l  command g e n e r a t o r s  are o f f ,  T h i s  c o n d i t i o n  is sensed by t h e  t e l e m e t r y  
f u n c t i o n  TMI)CGSEL (see Paragraph 14.7.2.23) and is s a t i s f i e d  i f  TIOCCSEL = QOGO. 
Command 829,  SCR2SEL, t u r n s  on S e r i a l  Comand Rec ieve r  (SCR) number % niid t u r n s  
o f f  number 1. Execut ion of SCR2SEL l a t c h e s  r e l a y s  A l O K l  and AlQK2 (sea F l p r a  
14.6-17). La tch ing  r e l a y  A l O K l  removes t h e  ground ( enab le  s i g n n f )  f ram the SCR 
#l command decoder ,  connec t s  i t  t o  SCR #2 decoder  and grounds (sets t o  z e r o )  t h e  
SCR #1 s t a t u s  t e l eme t ry .  L a t c h i n g  A10K2 d i s c o n n e c t s  t h e  CDVU 19 v o l t  bus from 
t h e  r e g u l a t o r  powering SCR 81 and connec t s  i t  t o  t h e  5 v o l t  r e g u l a t o r  powering 
SCR 112. SCRlSEL i s  t h e  r e c i p r o c a l  command t o  SCRZSEL. V e r i f i c a t i o n  of SCRZSEL 
r e q u i r e s  TM power t o  be ON. SCR2SEL is v e r i f i e d  i f  SCR #2 is ON, which can be 
i n f e r r e d  by mon i to r ing  t h e  s t a t u s  of SCR #l. I f  SCR #l i s  O f f ,  SCR 62 should be 
ON (Normal o p e r a t i o n ) .  T h i s  s t a t u 8  is tnonitored by t h e  t e l eme t ry  f u n c t i o n  
TSCRSTAT (see  Paragraph 14.7.2). SCRZSEL is c o n d i t i o n a l l y  v e r i f i e d  i f  TSCRSTAT 
= 0. SCRZSEL is a b s o l u t e l y  v e r i f i e d  i f  a 870 command message i s  executed w i t h  
RIU 8 B  powered. 
Command 843, SELRBCG, t u r n s  on t h e  redundant macro-discrete  command g e n e r a t o r  B 
and t u r n s  o f f  t h e  primary PtDCG-B. Execut ion of SELRCG l a t c h e s  r e l a y  A14K5 and 
K 6  a?d resets relays A14K7 and K8 (see F igure  14.6.4-16). Latching A16K5 
d i s c o n n e c t s  t h e  CDVU +9 v o l t  bus from t h e  5 v o l t  r e g u l a t o r  t h a t  powers t h e  
primary BfDDCG-II i n t e r f a c e  and decoding  c i r c u i t s  and disconnect  t h e  ground 
( d i s a b l e s )  f ron  t h e  decoding c i r c u i t s .  Latching A i 4 K 6  d i P c o n n e f t s  t h e  -1-33 vert 
bds from t h e  p r z m r y ,  EIDCC-U p u l s e  &e"era"cr, and grounds (6 
Primary MDCG-B s t a t u s  t e l eme t ry .  R e s e t t i n g  A14K7 c o n n e c t s  t h e  CDVU e9 v o l t  bus 
t o  t h e  5 v o l t  r e g u l a t o r  t h a t  powers t h e  redundant MDCG-B i n t e r f a c e  and decodirig 
c i r c u i t s  and c o n n e c t s  t h e  decoder  t o  ground ( t h e  enab le  s i g n a l ) .  R e s e t t i n g  
r e l a y  A14K8 c o n n e c t s  t h e  +33 v o l t  bus t o  t h e  c o m n d  pulse  g e n e r a t o r  and 1 5  v o l t  
I. Sr)-WC - 2 6 3 
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t o  t h e  Redundant RDCG s t a t u s  t e l eme t ry .  SELPBCG is t h e  r e c i p r o c a l  t o  SELRBCG. 
Commnd v e r i f i c a t i o n  r e q u i r e s  t h a t  TM power be ON. V e r i f i c a t i o n  cons is ta  of 
de te rmin ing  t h a t  W C G - B  redundant  ie ON and Priumry is OFF. This c o n d i t i o n  is  
sensed by t h e  t e l e m e t r y  f u n c t i o n  WCGSEL (Paragraph  14.7.2.23) and is s a t i s f i e d  
i f  TMCGSEL = ""01. 
14.6.1.11 E R e s t o r e  C o n t r o l  
The Thematic Mapper u t i l i z e s  DC r e s t o r a t i o n  t o  e l i m i n a t e  s m p l i f  f e r  d r i f  t .  A t  
t h e  end of each  s h u t t e r  sweep, d u r i n g  t h e  t u r n  around i r . t e rva1 ,  t h e  r e f e r e n c e  
l e v e l  f o r  each  channe l  is r e -e s t ab l i shed .  For bands 1 through 5 and band 7 ,  DC 
r e s t o r a t i o n  is accomplished by s e t t i n g  t h e  o u t p u t  t o  2 112 2112 c o u n t s  d u r i n g  
ehe i n t e r v a l  when t h e  f i e l d  of view i s  blocked by t h e  s h u t t e r .  Band 6 DC 
r e s t o r a t i o n  is accomplished by s e t t f n g  t h e  o u t p u t  l e v e l  t o  a v a l u e  commensurate 
w i t h  s h u t t e r  t empera tu re .  The s h u t t e r  t empera tu res  are sensed  by t h e r m i s t o r s  on 
t h e  c a l i b r a t i o n  f l a g ,  backup f l a g  and t h e  a f t  o p t i c s  frame. S e l e c t i o n  o f  t h e  
Band 6 DC r e s t o r e  s o u r c e  is a f u n c t i o n  of  s h u t t e r  s e l e c t i o n  or  by command. The 
DC r e s t o r a t i o n  f o r  band 6 ,  o n l y ,  c a n  be s e l e c t e d  by command. 





732 DMAGOFF Frame DC Res to re  S e l e c t  
742 DCRTMO F F DC Res to re  b Telemetry 
S c a l i n g  Off 
a37 DCRON DC R e s t o r e  On 
Corcmand 7 3 2 ,  D W G O F F ,  s e l e c t s  t h e  frame t empera tu re  de r ived  Band 6 DC restcre 
s i g n a l  and de-energ izes  t h e  r a d i a t i v e  c o o l e r  door magnets. Execut ion  of  DMAGOFF, 
l a t c h e s  relay A 8 K 1  snd  r e s e t s  r e l a y s  A16KLO and A16KLl ( s e e  F igu re  14.6-17 and 
14.6-15). R e s e t t i n g  A16KlO and AL6K11 de-energ izes  t h e  c o o l e r  door e l c c t r o -  
magnetic l a t c h e s  (Paragraph  14.6.1.91. Latching  r e l a y  ABKL connec t s  t h e  d c  
r e s t o r e  signal der ived  from tlie a f t  o p t i c s  frame t empera tu re  t o  t h e  mux d c  
r e s t o r e  c i r c u i t s  , and d i s c o n n e c t s  t h e  s h u t t e r  t empera tu re  de r ived  dc  r e s t o r e  
s i g n a l .  If the T?l i s  on, t h e  Mux i s  On, and Telemetry S c a l i n g  i n  On, t h e  Band 6 
chanrteis w i l l  be r e s t o r e d  based upon fr2m.2 temperature. U;/mGQFF has na 
p re reqJ i s i t e s  and Lhe commands CSiiTRON and BLjStlTRON are  r cc tp roc i l  i n  t h a t  they 
reset r e l a y  A8K1.  V e r i f i c a t i o n  o f  DELIGOFF requires t h a t  power bc removed frrjv 
t h e  door e lec t ro-magnets  and frame d c  r e s t o r e  be s e l e c t e d .  These c o n d i t i o n s  are  
sensed  by t e l e m e t r y  f u n c t i o n s  TDUOREM and TDCRSTAT. DMAGOFF i s  v e r i f i e d  i f  
TDOOREX 5 0 and TDCKSTAT - *l  ( *  - 1 o r  0 ) .  
! 
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Connand 837, DCRON, t u r n s  on t h e  normal Band 6 d c  r e s t o r e  s i g n a l  gene ra to r s .  
Execut ion of DCRON resets r e l a y  ASK2 (tiee F i g u r e  14.6-18). Resetting ASK2 
c o n n e c t s  t h e  r ad iomete r  + and - 19 v o l t  buses  t o  t h e  512 v a i t  regulator t h a t  
p rov ides  power t o  t h e  cal  and backup s h u e t e r  t c a p e r a t u r e  aeneing arid dc r e s t o r e  
g e n e r a t i o n  c i r c u i t s  (see Ffgure  14.6-6). DCRON haa no p r e - r e q u i s i t e s  and 
DCRTMOFF is i ts  r e c i p r o c a l .  Execu t ion  of DCROIU’ r e s u l t s  in t h e  fo l lowing  
t e l e m e t r y  r e sponses  : 
Func t ion  S t a t e  Mode 
.. TCALST >2 c n t s  
TBUST >2 c n t a  - 
Command 742, DCRTMOFF, t u r n s  off t h e  Band 6 d c  r e s t o r a t i o n  and t h e  t e l ewt ry  
s c a l i n g  c i r c u i t s .  Execut ion of DCRTMOFF l a t c h e s  r e l a y s  A5K2 and resets r e l a y  
A8K2 Latch ing  ASK2 d i s c a n n e c t s  t h e  r ad iomete r  I- and - 19 
v o l t  buses  from t h e  212 v o l t  r e g u l a t o r  t h a t  powers t h e  dc  r e s t o r e  g e n e r a t o r  and 
s h u t t e r  temperature  sensing c i r c u i t s .  R e s e t t i n g  ASK? d i s c o n n e c t s  t h e  radiometer  
+ arid - 19 v o l t  buarrs from t h e  ~ 1 2  v o l t  eegtr ia tor  that power t h e  t e l eme t ry  
s c a l i n g  c i r c u i t s .  The t c l e a e t r y  staying circu:r,e c o n s i s t  of t h e  tcs?ewcry. 
monitors  f o r  t h e  Blackbody ? f Q n i t o r ,  S i l i c o n  Focal  [’ldm an63 Duff l e  Teupe ra tu res  
and t h e  Frame d c  r e s c o r e  s i g n a l  gencrlator. DCP,T;iQf.’T: has  no p r e r e q u i s i t e s  and 
DCRON p l u s  TLMSCLON r e p r e s e n t  a r e c i p r o c a l  s e t  of comrmnds. Execut ion of 
DCRTMOFF r e s u l t s  in t h e  fo l lowing  t e l e m e t r y  r e sponses :  
(see F i g u r e  14.6-18). 
Funct ion S t a t e  Mode 
TTLMS CAL 0 
TSI FPT (2 c n t s  
TBBT (2 cnts 
TBAFFT (2 c n t s  
TCAST (2 c n t s  
TBUST (2 c n t s  
T M  Scale/DCR OfLC 
1!4*6.1 - 2  Teleroctrjr S c a l i n g  Contra; 
Tile t e l e m e t r y  s c a l i n g  c i r c u i t s  monitor c e r t a i n  t empera tu res  and produce 
t e l eme t ry  compatible  ou tpu t s .  The c i r c u i t s  c o n s i s t  of 56.4 v o l t  r e f c r e n c e  
s u p p l i e s ,  s i x  t empera tu re  t e l eme t ry  c o n d i t i o n i n g  c i r c u i t s ,  and t h e  band 6 d c  
r e s t o r e  s i g n a l  g e n e r a t o r .  Three temperature  candi  t i o n i n g  c i r c u i t s  are unused 
L S D-hT C - 2 6 3 
1 4 - 4 7  
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and t h e  o t h e r  are s i l i c o n  f o c a l  p l ane ,  blackbody and b a f f l e  tempera ture .  The 
commnds used t o  c o t t r o l  t h e  Telemetry s c a l i i i g  c i r c u i t s  are: 
Commands 
Number Acronym Nar:e 
742 
801 
DCRTMOF F DC Restore/TeLemetry S c a l i n g  
TLMSCLON Teleuie t r y  S c a l i n g  On 
Command 742, DCRTMOFF t u r n s  o f f  t h e  DC r e s t o r e  and t e l eme t ry  s c a l i n g  c i r c u i t s .  
Execut ion  of DCRTMCJFF, l a t c h e s  r e l a y  A5K2 and resets r e l a y  A8K2 (see F igure  
14.6-18). Latching  ASK2 d i s c o n n e c t s  t h e  rad iometer  i- and -19 v o l t  buses  from t h e  
- +12 v o l t  r e g u l a t o r  t h a t  powers t h e  DC r e s t o r e  c i r c u i t n .  R e s e t t i n g  A8K2 
d i s c o n n e c t s  t he  rad iometer  + and - 19 v o l t  buses  from t h e  912  v o l t  r e g u l a t o r  
t h a t  powers t h e  t e l eme t ry  s c a l i n g  c i r c u i t s .  DCRTMOFF ha8 no p r e r e q u i s i t e s  and 
commands TLMSCLON and DCRON t o g e t h e r  form t h e  r e c i p r o c a l .  Execut ion  of D O F F  
r e s u l t s  i n  the fo l lowing  t e l eme t ry  responous : 








<2 c n t s  
<2 c n t s  
(2 cats 
( 2  c n t s  
(2 c n t s  
TLM Scale/DCC O f f  
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Command 801 TLMSCLON t u r n s  on the t e l e m e t r y  s c a l i n g  c i r c u i t s .  Execut ion  of 
TLMSCLO!? l a t c h e s  r e l a y  A8K2 (see F i g u r e  14*6-18). La tch ing  A8K2 c o n n e c t s  the 
r ad iomete r  i- and - 19 v o l t  buses  t o  t h e  212 v o l t  regulator  t h a t  powers t h e  
t e l e m e t r y  s c a l i n g  c i r c u i t s .  TLI6SCLON h a s  no  p r e - r e q u i s i t e  commands and DCKTMOFF 
is i t s  r e c i p r o c a l .  Execu t ion  of TLMSCLON produces the fo l lowing  t e l eme t ry :  
Func t ion  S t a t e  Mode 
TTLMCAL 1 
TSLFPT >2 c n t s  
TBBT >2 c n t s  
TBAFFT >2 c n t s  
TLN Sccnle/DCR T L M  On 
14.6.1.13 Inchworm Con t ro l  - and Moni tor ing  
The Thematic Mapper h a s  two f o c a l  p l anes :  a n  ambient f o c a l  p l a n e  and a cooled  
f o c a l  p lane .  The 64 d e t e c t o r s  of bands 1 thraugh 4 are mounted OR t h e  nmbient 
o r  s i l i c o n  f o c a l  p l ane .  The 32 d e t e c t o r s  of bands 5 End 7 and t h e  4 d e t e c t o r s  
of band 6 are mounted on  t h e  cooled  f o c a l  p l ane .  The ambient f o c a l  planc? is 
f i x e d  a t  t h e  t e l e s c o p e  focus .  The cooled  f o c a l  p l ane  i s  imaged e t  t h e  t e l e s c o p e  
f o c u s  by t h e  relay optics. The s p h e r i c a l  m i r r o r  o f  t h e  r e l a y  c p t i c s  is  suppor t ed  
by irichwormr; a t  each  of t h r e e  e q u a l l y  spaced p o i n t s  around t h e  i d r r o r  p i - i p h e r y .  
Mocion of t h e  inchworms provides  f o r  t h e  a l ignment  of t h e  cooled  d e t e c t o r  a r r a y s  
w i t h  r e s p e c t  t o  t h e  ambient a r r a y s  and f o r  f o c u ~  ad jus tment  of t h e  cooled  
a r r a y s .  An i n d i c a t i o n  of r e l a t i v e  inchworm p o s i t i o n  du r ing  motion i s  provided  
by a liliear v a r i a b l e  d i f f e r e n t i a l  t r ans fo rmer  (LVDT) l o c a t e d  on each  inchworm. 
The inchworm and m u l t j p l e x e r  power s u p p l i e s  s h a r e  t h e  30 v o l t  bus  end t h e  three 
inchworms s h a r e  t h e  s aw h igh  v o l t a g e  power s u p p l i e s .  To p reven t  ove r load ing  of  
t h e  30 v o l t  bus  o r  h i g h  v o l t a g e  power s u p p l y ,  t h e  m u l t i p l e x e r  must be o f f  du r ing  
inchworm o p e r a t i o n  and o n l y  one icchworm s h a l l  be ope ra t ed  a t  a t i m e .  Inchworm 
mon'toring and o p e r a t i o n  are  c o n t r o l l e d  by two serial command 871 messages,  two 
serial  command 872 messages and e i g h t  t h e  s e r i a i  command 870 messages. The s i x  
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1 = Move 
0 = Don't Move 
Extend Command 
1 Extend 
0 = Ron't Extend 
Con t rac t  Command 
1 = Co.ntract 
0 = Don't Con t rac t  
Inchworm 3 Command 
1 = Enable 
C - I n h i b i t  
Inchworm 2 Comn?nnd. 
1 Enable 
0 = I n h i b i t  
Inchworm 1 Command 
1 Enable 
0 = I n h i b i t  
S ince  e n t i r e  870 command messngcs must be s e n t ,  a number of inchworm command 
messages are d e f i n e d  i n  t h e  fo l lowing  paragraphs .  T h e i r  usage assumes t h a t  
concur ren t  c o o l e r  door  o r  mldncan marker o p e r a t i o n s  are p r o h i b i t e d .  The inchwow 
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Pnchwom Commands 
Message 
NO (HEX) Acronym Nml? 
8 7 0  0000 RST870 Reset 8 7 0  
8 7 0  0200 IWCYCL Inchworm L o g i c  Cycle  
8 7 0  0310 IWLEXT Inchworm I. Extend 
8 7 0  0320 IW2EXT Inchworm 2 Extend 
8 7 0  0340 IW3EXT Inchworm 3 Extend 
8 70  0290 IWlCNT Inchworm 1 Cont rac t  
8 7 0  02AO IW2CNT Inchworm 2 Cont rac t  
8 7 0  02co IW3CXiT Inchworm 3 Co.itract 
8 7 1  0002 IWON Inchworm Power On 
8 7 1  0001 IWOFF Pnchworm Power O f f  
8 7 2  0020 LVDTON LVDT Power On 
8 7 2  0004 LVDTOFF LVDT Power Off 
S e r i a l  command 870 message IO0001 , RST070, i n i t i a l i z e a  a l l  l o g i c  CoiltroI 
s i g n a l s  t o  t h e  inchwo-m d r i v e  c i r cu i t&!  E m c u t i o n  of RET870 e x e c u t e s  10 l o g i c  
l e v e l  commands: 6 inchidorm comwids ,  2 c o o l e r  doer comrsaiids and 2 mldecan 
c o n t r o l  commands. The s i x  incliwom c o n t r o l  commends d i s a b l e  t h e  Hove, Extend 
and Cont rac t  signals  c n d  i n h i b i t  inchwornis 1, 2 and 3 .  The two ccroler door 
commands i n h i b i t  door  motion and set  t h e  door d i r e c t i o n  t o  UPEEZ. The Hidscan 
commands d i s a b l e  (bo th  A and B )  t h e  marker. RST870 is used t o  see t h e  inchworm 
l o g i c  fn  a known s ta te .  Execut ion  of RST870 r e q u i r e s  t h a t  t h e  command be 
executed  by t h e  R I U  paired w i t h  t h e  s e l e c t e d  serial command r e c e i v e r .  There is  
no  d i r e c t  (sensible) r e c i p r o c a l  t o  t h e  RST870 command. V e r i f i c a t i o n  of t h e  
r e c e i p t  of RST870 c a n  be accomplished,  bu t  no t  v e r i f i c a t i o n  of execut ion .  
Rece ip t  i s  v e r i f i e d  i f  TECHO = (OOOOO)16. 
S e r i a l  command 8 7 0  message [OZOO],  IWCYCL, i n i t i a t e s  a n  inchworm l o g i c  t iming  
cyc le .  Execut ion of IWCYCL produces t h e  same r e s u l t s  as execu t ion  of RST870 
excep t  a l o g i c  one i s  presented  t o  t h e  MOVE c i r c u i t  i n i t i a t i n g  a l o g i c  cyc le .  
Logic o p e r a t i o n  r e q u i r e s  inchworm power. RST870 i s  t h e  r e c i p r o c a l  of IWCYCL. 
Execut ion of IWCYCL cannot  be v e r i f i e d  b u t  r e c e i p t  is  v e r i i i e d  i f  TECHO * 
C0200)lb. 
S e r i a l  Command 8 7 0  messuge [031O), IWXEXTD, causes  inchworm number 1 t o  extend 
one s t e p .  Execution of IWlEXTD p r o v l d e s  a n  enrakle oignal t o  inchwm 1 c o n t r o l  
l o g i c  , an rxterid e n a b l e  s i g n a l  t o  the l o g i c  decoder ,  and n IXU 'J~  conmand tu 
clock. c i r c u i t .  AssrrmIng that  lrichvor& povcr  i s  on,  one exrenafou a t c p  w j l L  tX, 
executed by inchworm number 1 i n  approximate ly  2 seconds.  iIST870 i s  t h e  
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dxecu t ion  of  IWlEXTD may be d i s c e r n e d  by n o t i n g  a change i n  inchworm 1 p o s i t i o n  
t e l eme t ry .  The t e l eme t ry  g r a n u a r i t y  i s  approximate ly  e q u a l  t o  t h e  s t e p  s i z e .  
Assuming a s t e p  is d l s c e r n i b l e ,  IWlEXTD is v e r i f i e d  if: 
TIWlFOS @t+16 seconds - > TIWlWS @t 
where t - t i m e  of command 
S e r i a l  command 870 message [0320],  XWZEXTD, csubes  inchworm number 2 t o  ex tend  
one s t e p .  Execut ion  of IWZEXTD p r c h c e s  sn e n a b l e  s i g n a l  a t  t h e  inchworn 2 
c o n t r o l  l o g i c ,  a n  ex tend  enab le  signal to the  decoding l o g i c ,  and a move command 
t o  t h e  c l o c k  c i r c u i t .  Assuming inchucrm power i r  on, one e x t e n s i o n  s t e p  w i l l  L e  
executed  by inchworm number 2, r e q u i r i n g  approximate ly  2 seconds.  aST870 i s  t h e  
r e c i p r o c a l  of IWZEXTD. Rece ip t  of IW2EXTD is v e r i f i e d  i f  TECUO = (0320)16. 
Execut ion  of  IWZEXTD may be v e r i f i e d  by n o t i n g  a change i n  inchworm 2 p o s i t i o n  
t e l eme t ry .  The t e l eme t ry  g r a n u l a r i t y  i s  approximate ly  e q u a l  t o  t h e  inchworm 
s t e p  s i z e .  Assuralrl; a s t e p  is  d i s c e r n i b l e ,  IWXEXTD i s  v e r i f i e d  i f :  
TIW2POS @t+16 seconds - > TIWZPOP @t 
where t - t i m e  of command 
S e r i a l  command 870 loessage [0340 j ,  IW3EXTI), causes  inchworm number 3 t o  extend  
one s t ep .  Execut ion  of fW3EXTD prov tdes  an enab le  s i g n a l  tc inchworm 3 c e n t r a l  
l o g i c ,  an extend  s i g n a l  t o  the decoding l o g i c ,  nrrd a move cormand t o  t h e  c lock  
c i r c u i t .  Assuming t h a t  inchworm power is on, one extension s t e p  w i l l  be exemked 
by inchworm 3 r e q u i r i n g  approximate ly  2 seconds.  The r e c i p r o c a l  of IW3EXTD i s  
RST 870. Rece ip t  of XW3EYTD i s  v e r i f i e d  i f  TECH0 = (0340)16.  
Execut ion  of IW3EXTD may be v e r i f i e d  i f  a change i n  p o s i t i o n  t e l eme t ry  can  be 
d i sce rned .  The t e l eme t ry  g r a n u l a r i t y  and inchworm s t e p  s i z e  are approximate ly  
equa l .  Assuming a s r e p  i s  d i s c e r n i b l e ,  IW3FJTD i s  v e r i f i e d  i f :  
TIW3POS @ t t 1 6  seconds - > TIW3POS @t 
where t = t i m e  of command 
S e r i a l  command 870 message [ 0 2 9 0 ] ,  IWlCONT,  causes  inchworm 1 t o  c o n t r a c t  one 
s t e p .  Execut ion  of IWlCONT provides  a n  enab le  s i g n a l  t o  inchworm c o n t r o l  l o g i c ,  
a c o n t r a c t  s i g n a l  t o  the  decoding l o g i c ,  and a move command t o  t h e  c l o c k  
c i r c u i t .  Assuming t h a t  inchworm power is o n ,  a one s t e p  c o n t r a c t i o n  w i l l  be 
executed by inchworm 1, r e q u i r i n g  a p p r o x i c a t e l y  2 Eecoildn. The r e c i p r o c a l  o f  
XWlCO!:T i s  RST870. 
Execut ion of IWlCONT nay be v e r i f i a b l e  i f  a change ?n  p o e i t i o n  t e l eme t ry  i s  
d i s c e r n i b l e .  The t e l e m e t l y  g r a n u l a r i  t y  and inchwor-n s t e p  s i z e  are  approximate ly  
equa l .  Assuming a s t e p  is d i s c e r n i b l e  I U l C O N T  is v e r i f i e d  i f :  




31 December 1981 
TXWLPOS dt+LL6 seconds > TIWLPOS @r: - 
where t * time of command 
S e r i a l  command 870 message [OZAO], IW2CONT, CBUSCS a one s t e p  c o a c r a c t l o n  by 
inchworm number 2. Execut ion  of XW2COtg p rov ides  a n  enab le  s i g n a l  t o  inchwow 2 
c o n t r o l  l o g i c ,  a c o n t r a c t  s i g n a l  t o  t h e  decoding l o g i c  and a move command to  t h e  
c l o c k  c i r c u i t .  Aseuning t h a t  inchworm power is  ON, a one s t e p  c o n t r a c t i o n  i n  
inchworm 2 w i l l  occur  in approximate ly  two seconds. The r e c i p r o c a l  of IWZCONT 
I s  RSTB7O. 
Execut ion  of IW2CONT may be  v e r l f i a b l e  i f  i t  causes  a change i n  p o e l t i o n  
t e l eme t ry .  Telemetry g r a n u l a r i t y  and s t e p  s i z e  are approximate ly  e q u a l  I'IIZCONT 
i s  v e r i f i e d  i f :  
Receipt. of IWZCONT 18 v e r i f i e d  if TECUO = (02A0)16 
TXW2POS @t+16 seconds 
S e r i a l  command 870 message [OOZCO], IW3CONT, produces a oue s t e p  c o n t r a c t i o n  i n  
Inchworm number 3 .  Execut ion  of IW3CONT r e s u l t s  i n  an  enab le  s i g n a l  t o  inchwow 
3 c o n t r o l  l o g i c ,  a c o n t r a c t  s i g n a l  t o  t h e  decoding l o g i c  and a move command t o  
t h e  c l o c k  c i r c u i t .  AsJuming t h a t  inchworm power i s  on, inchworm 3 w i l l  c o n t r a c t  
' one s t e p  ( - 5 0  micro-inL'-ns). The r e c i p r o c a l  of TW3CONT in IGT870. Receip t  of 
IWZCOMT is v e r i f i e d  i f  TECBO 5 (02c0)16. 
Execut ion  of IW3CONT may be v e r i f i a b l e  i f  i t  produces a change i n  pos i t io r ,  
telemetry. S i n c e  t e l eme t ry  g r a n u l a r i  t y  i s  approximate ly  equal t o  s t e p  nkze, 
v e r i f i c a t i o n  may be f e a s i b l e .  IW3CONT i s  v e r i f i e d  if: 
TIW3POS @t+16 seconds - > TIW3PCS @t 
where t - time of command 
Serial  command 871 message [0002), I H O N ,  a p p l i e s  power t o  t h e  inchworm c o n t r o l  
and d r i v e  c i r c u i t s .  Execut ion of IWON resets r e l a y s  A23Kl and A23K2 ( s e e  F igu re  
14.6-19). Rese t ing  A23K1 connec t s  t h e  +8 v o l t  bus  t o  t h e  5 v o l t  r e g u l a t o r  t h a t  
powers t h e  inchworm l o g i c  and connec t s ,  through 4700 ohms, t h e  +5 v o l t  VU b u s  t o  
t h e  inchworn: t e l eme t ry .  R e s e t t i n g  A23K2 connec t s  t he  +30 v o l t  mux bus t o  t h e  
inchworm high  v o l t a g e  power s u p p l i e s .  Execut ion  of IWON r e q u i r e s  proper  
s e l e c t i o n  of R I U  and c o m n d  g e n e r a t o r  A and r e q u i r e s  t h a t  command g e n e r a t o r  A 
be ON.  IWOFF is  t h e  r e c i p r o c a l  t o  IWON.  Execut ion  of IWON i s  v e r i f i e d  i f  
TIWSTAT 5 1*. 
Serf  f l c a t i o n  r e q u i r e s  thcit t h e  TY be ON. 
S e r i a l  command 871 message [OOOl], IMOJOFF, t u r n s  o f f  Dower tc t h e  inchworm l o g i c  
and d r i v e  c i r c u i t s .  Execut ioa  of IGiOPF l a t c h e s  r e l a y s  A23Xl and A23K2 ( s e e  
F igu re  14.6-19). Latching  r e l a y  A23Kl d i s c o n n e c t s  the  4-8 v o l t  bua from t h e  5 
bolt  r e g u l a t o r  t h a t  powers t h e  inchdorm s t a t u s  t e l eme t ry .  La tch ing  r e l a y  A23K2 
L SD- Lip C- 2 6 3 
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d i s c o n n e c t s  t h e  +30 v o l t  mux bus  from t h e  inchworm high  v o l t a g e  power s u p p l i e s .  
Execut ion  of 11.;OFF r e q u i r e s  p rope r  s e l e c t i o n  o f  R I U  and TN coolnand g e n e r a t o r  h 
s i d e s .  IWON i s  t h e  r e c i p r o c a l  to IWOFF. Execut ion  of IWOFF is v e r i f i e d  i f  TE 
power i s  on and TIWSTAT = O*. 
S e r i a l  command 872 message [0020], LVDTON, t u r n s  on t h e  inchworm p o s i t i o n  
t e l eme t ry .  Execut ion  of LVDTON resets r e l a y  A9K3 (see F i g u r e  14.6-19). 
R e s e t t i n g  A9K3 connec t s  t h e  rad iometer  + and - 18 v o l t  buses  t o  t h e  215 v o l t  
r e g u l a t o r s  t h a t  power t h e  inchworm p o s i t i o n  moni tor  c i r c u i t s .  Execut ion  of 
LVDTON r e q u i r e s  p rope r  s e l e c t i o n  of R I U  8 and TM command g e n e r a t o r  B s i d e s  and 
TM power on. Execut ion  of LVDTON produces 
t h e  fo l lowing  te leff ie t ry  responses:  
LVDTOFF is t h e  r e c i p r o c a l  af LVDTOW. 
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>2 c n t s  
Inchworm TLM ON or  
Inchworm ON 
* l o r 0  
S e r i a l  command 872 message [ 0 0 0 4 ] ,  LVDTOFF, t u r n s  on t h e  inchworm p o s i t i o n  
t e l eme t ry .  Execut ion  of LVDTOFF l a t c h e s  r e l a y  A9K3 ( s e e  F igu re  1 4 . 6 - 1 9 ) .  
Latching  A9K3 d i s c o n n e c t s  t h e  + and - 19 v o l t  rad iometer  buses  from t h e  515 v o l t  
r e g u l a - o r  that powers t h e  p o s i t i o n  t e l eme t ry .  Execut ion of LVDTOFF r e q u i r e s  ??.I 
O N  and p rope r  s e l e c t i o n  of RIU 8 and TM command gene ra to r  H s i d e s .  LVDTON i s  
t he  r e c i p r o c a l  of LVDTOFF. The fo l lowing  t e l eme t ry  responses are produced by 
LVDTOFF, assuning  TM is on. 
Funct:on S t a t e  Mode 
TXWSTAT "0 
T I  W l  POS (2  c n t s  
TIW2POS <2 cnCs 
TXW3POS ( 2  c n t s  
LSDT CFF 
* l o r 0  
LSD-WC-2 6 3 
f ' : 
.:. , . . 
ru  ^
14.6.1.14 Cooler  Temperature  Cont ro l  
The TPI r a d i a t i v e  c o o l e r  i s  equipped w i t h  two riel's of heaters which a t e  ch1sSla 
of warning u p  t h e  c o o l e r  and m l n L a i n i n g  its ifmperature aC 293' KeEvin. :"-,a 
i n t e r m e d i a t e  s t a g e  h e a t e r  f a  c a p a b l e  of producing approximate ly  26 watts a d  5 %  
c o n t r o l l e d  by t h r e e  commands. 
42 watts and are c o n t r o l l e d  by four commands. The cooler control cornraanda a:&: 
The c o l d  s t a g e  h e a t e r s  can produce a p p r a x i  
Cooler  Temperature  C o n t r o l  Com%nd6 
Number Acronym Nznre 
871 f CIZOO] 
871[04@0] ENAISTC Enable  IS Temp ControLler  
871 [ 08Ocll I SOUTENA Enable I S  Outgas 
872 [ 00801 D I S CSHTR Disable  CS Heater 
872[0100] CJACS HTR Enable CS Heater 
8721 02001 
872 [ SOOO] CSTLMFF CS Telemetry OFF 
D I S I STC l i i a a b l e  IS Temp C o n t r o l l e r  
CSOUTENA Enable CS Outgas Mode 
S e r i a l  conuiand 871 message (OZOO] DZSZSTC, CUFIIS o f f  t h e  In te rzedf  t i e  $ z a p @  
o u t g a s  h e a t e r .  Execut ion of UISISTC resets re lay  AlbK5 3nC l a t c h e s  e ~ t l i : ?  ?.;f$ 
(see  Figure 14.6-20). Resetting XI 6K5 d i s a b l e 5  t he  outgas h e a t e r  by r.-m;.r,-q 
t h e  enable  (ground)  s i g n a l .  Latching ASK4 d i s c o n n e c t s  t h e  i and - i b  t ~ , ~ :  
rad iometer  buses  f rom tb.2 1 1 2  v o l t  r e g u l a t o r  t h a t  powers t h e  o u t g a s  conrrc:lar. 
Execut ion  of DISISTC r e q u i r e s  t h a t  a n  RIU 8 / & ~ c r o - D i s c r e t e  Command L r i A e r l t s s  
(??DCG)-A p a i r  be powered. DISISTC h a s  t w o  r e c i p r o c a l  commands; ERAIS:!: a : b  
ISOUTENA. V e r i f i c a t i o n  of DLSISTC r e q u i r e s  t h a t  TM pover be ON. The t r !emtq  
response  is: 
Funct ion  S t a t e  Mode 
.-- 
T I S  C?i RtL 00 
TISCT - >17I0K 
TXSHT - )317*~ 
I S  CNTIU O F F  
-.- -" I.____- ------. 
S e r i a l  comnand 871 nassage [ C b O V ]  E:Jr"tLSTC, ~ n a L Z c 3  t h e  int.13.r 
l ' i gu re  14.0-20). R e s e t t i n g  ATK4 c o n n e c t s  t h e  -+ 3nd - 19 v o l t  rad iometers  b.*.w$ 
to t h e  4-12 v o l t  r e g u l a t o r  t h a t  powers t h e  tempera ture  monitoring and c; i t - - ,{  
c i r c u i t s .  Execut ion  of t h i s  command rqti ires  t h a t  an  RLU 8 / X . ) C G - A  ; r : r  -A? 
'semyerature moni tor ing  a n d  c0:ttrol. E x e c u t i o n  uf L'lhZ'ISTC r e se t s  I: . + *  
i 
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powered. DISISTC is  t h e  r ec ip rocc i l  of ENAISTC. V e r i f i c a t i o n  o f  ENAISTC r e q u i r e s  
t h a t  YM power be ON. Execut ion of EXAXSTC produces t h e  f o l l o u h g  e e l e m t r y  
r e s p a m e :  
Func t ion  S t a t e  Node 
TISCNTRL 10 XS CNTRL ON TLH* 




* e i t h e r  mode 
S e r i a l  comnand 871 message [OSOO] , ISOUTEHA, e n a b l e s  t h e  i n t e r m e d i a t e  stage 
o u t g a s  h e a t e r .  If  t h e  i n t e r m e d i a t e  s t a g e  c o n t r o l l e r  is OR, t h e  ou tgas  h e a t e r  
w i l l  be powered upon e x e c u t i o n  of t h i s  commndr Execu t ion  of ISOUTENA l a t c h e s  
r e l a y  A16K5 (see F i g u r e  14.6-20). Lntching h'ibli5 enables t h e  o u t g s s  heater by 
' p rov id ing  a ground t o  t h e  c o n t r o l  c i r c u i t s .  I ' secut ion of I S O U R H A  r e q u i r e s  t h a t  
a RIUB MDCG-A p a i r  be podercd. DTSLS'rC i s  the r e c i p r o c a l  to  ISOUTENA. C o * m n d  
v e r i f i c a t L o n  r e q u i r e s  tha r  CDVU 4-9 v o l t  power tv ,*vsi lable  (TH O N ) .  Execut ion 
of ISOUTENA produces t h e  fo l lowing  t e l e m e t r y  rcspsnse 
Funct ion S t a t e  No de 
TIS CNTRL *1 I S  CNTRL O / G  SEL o r  
I S  CNTRL O/G ON 
* l o r 0  
S e r i a l  command 872 message [OOSO], DISCSt!TR, d i s a b l e s  t h e  c o l d  s t a p e  o u t g a s  
h e a t e r .  I f  t h e  i n t e m e d i a t e  s t a g e  h e a t e r  is en, t h e  o u t g a s  h e a t e r  will be 
powered upsn e x e c u t i o n  of t h i s  command. Execu t ion  of DISCStiTR resets r e l a y  a16K4 
and l a t c h e s  r e l a y  A4Ii10 (see Figure 14.6-21'. S e s e t t i n g  A16K4 d i s c o n n e c t s  t h e  
Q U - \ ; ~ S  on (ground) s t g n c l  f r o m  t h e  eecpe racu rc  c?n:mlfer ,  a d  grcunds t h e  t o l d  
S C q e  Pover Gn/Off t e l c z e t r y  i n p u t  (Vi IGb-5:). La tch ing  A4X;G  connect^ t b e  -i- 
a n d  - 15 v o l t  c o l d  s t a g e  c o n t r o l l e r  buses t o  t h e  hea te r  c o n t r o l  c i rcu i t s .  I f  
t h e  T?I i s  on and t h e  c o i d  s t a g e  h e a t e r  er?,bled, t h i s  command t u r n s  o f f  t h e  
o u t g a s  ' i e a t e r .  Execut ion r e q u i r e s  TX t o  be on sr:d a n  RIU S/XOCG-B p a i r  powered. 
The r e c i p r o c a l  t o  DISCSHTR arc  connnnds ENACSHP!: and CSOUTENA. Execut ion of 
t h i s  command is v e r i f i e d  iI TCSCSTLR 5 100- V e r i f i c a t i o n  r e q u i r e s  & h a t  TX 
L S D-LZ' C- 2 6 3 
. 
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c o l d  s t a g e  c o n t r o l l e r  power oe on. 
S e r i a l  command 872 nessage  [oleo], ENAZSNTR, t u r n s  On t h e  c ~ k i  stag@ tcr;rporatuKe 
moni tor ing  and con t ro3 .  Execut ion  of ENACSWR l a t c h e s  r e l a y  R4K9 and r e s o t s  
r e l a y  A4K10 (see F i g u r e  16.6-21). Latch ing  A4K9 connec t s  the f and - 19 vol t  
rad iometer  buses  t o  t h e  +1S v o l t  r e g u l a t o r  t h a t  power t h e  c o l d  s t a g e  
tempera ture  moni tor ing  circuits. R e s e t t i n g  A4K10 connec t s  t h e  1 1 5  v o l t  c o l d  
s t a g e  buses  t o  t h e  c o l d  s t a g e  h e a t e r  c o n t r o l  c i r c u i t .  If t h e  o u t g a s  mode is 
enabled  the  h e a t e r s  w i l l  t u r n  on. Execut ion  of ENACSHTR r e q u i r e s  TFT power and 
t h a t  a R I U  8/HDCG-B p a i r  be powered. The r e c i p r o c a l  of ENhCHSHTR is CSTGTHOF 
and DISCSHTR. VerLf i ca t ion  of ENhCSHTR r e q u i r e s  t h a t  TM power be on. Execut ion  
of ENACSKTR produces t h e  fo l lowing  t e l eme t ry  response.  
Funct ion  S t a t e  Mode 
TCSCNTLR 11” CS CNTRL ENABLE O K  
CS CNTRL O/C ON 
“TED” time d e l a y  
TCSBTF.1 >60 mA 
TCSCT - >?27*K 
TCSNT >293*i: “TED” t i m e  de lay  
- ---__I- 
* l o r 0  
S e r i a l  command 872 message [ 0 2 0 0 ] ,  CSOUTENA, enabl.es t h e  c o l d  s t a g s  ou tgas  
h e a t e r .  I f  t h e  c o l d  s t a g e  c o n t r o l l e r  is on, t h e  commend t u r n s  on t h e  outgixs 
h e a t e r .  Execut ion  of CSOUCENA r e s e t s  r e l ay  A16K4 ( s e e  F igu re  14.6-21). 
R e s e t t i n g  A16K4 e n a b l e s  t h e  olrtgas h e a t e r  by p rov id ing  a ground and connec t s  t h e  
ou tgas  on t e l eme t ry  o u t  t o  i -5  v o l t s .  Zxecut ion  of CSOUTENA r e q u i r e s  t h a t  the TX 
be op. and a RIU G/>lDCG-B p a i r  be powered. CSOUTENA i s  v e r i f i e d  i f  M power i s  on 
and TCSCNTLR - **1 . 
S e r i a l  command 8 7 2  message [SOOO], CSTLI*iOFF, ?urns  o f f  t he  c o l d  s t a g e  t e l eme t ry  
and d i s a b l e s  t h e  c o n t r o l l e r .  Execut ion o f  CSTLMOFF resets r e l a y  A4K9 (see 
Figure 14.6-21). R e s e t t i n g  A4K9 d i s c o n n e c t s  t he  + and - 19 volt rad iometer  buses 
from t h e  +15 v o l t  r e g u l a t o r  t h a t  powers t h e  co ld  s t a g e  t e l eme t ry  and c o n t r o l l e r .  
CSTLMOFF -execut ion r e q u i r e s  t h a t  a RIU 8/TK MDCG-B p a i s  be powered. T h e  
r e c i p r o c a l  of CSTLWFF is ENACSHTR. Ver i f  i c a t f o n  of CSTGTHOF r c o u f r e s  t h a t  TX 
be ON.  Execxtfon of CSTCTMOF pzoduccs t h e  fo l lowing  t e l eme t ry  r e -pn r j e s .  
LSD-WPC- 2 6 3 
1;-57 
\ 
<G, - .--- 
-\ - 
Func t ion  S t a t e  Mode 
TCSMTLR oo* CS CNTPL OFF o r  
CS CNTRL O/G ENA 
TCSWRI - :o mAmps 
TCSCT >127OK TBD TIME DELAY 
TCSHT - 7293OK TBD TIME DELAY 
14.6.1.15 
*don't care (1 o r  0) 
Scan Line c o r r e c t o r  Con t ro l  -- -- 
The Thematic Ehpper r ad iomete r  u t i l i z e s  a b i - d i r e c t i o n a l  s c a n n e r .  To produce 
con t iguous  sweeps a s c a n  l i n e  c c r r e c t o r  (SLC) is  employed. The pu rpose  of the 
SLC i s  t o  c o r r e c t  f o r  t h e  forward motion of t h e  s p a c e c r a f e  by d i s p l a c i n g  t h e  
o p t i c a l  a x i s  backwards a l o n g  t h e  grorrcd t r a c k  a t  t h e  ra te  e q u a l  t o  t h e  v e l o c i t y  
of t h e  s u b s a t e l l i t e  point- This i s  accomplished by r o t a t i n g  two pcrallel 
nirrors,  t i l t e d  45' from t h e  o p t i c a l  axis.  The SLC c o n s i s t s  of a nirrcr 
assembly,  d r i v e  motor,  redundant tachometer  end d r i v e  e lectronFcs (see F i g u r e  





871 [ 0020 J SLCZSEL 
8 7 1  [ 0040 SLClSEL 
Scan L ine  C o r r e c t o r s  Off 
S e l e c t  SLC 2 
S e l e c t  SLC 1 
S e r i a l  command 871 message [OOlO], SLCOFF, t u r n s  o f f  bo th  s c a n  l i n e  c o r r e c t o r s .  
Execut ion of SLCOFF resets r e l a y s  A 1 K 3 ,  A l K 4 ,  A2K3 and A2K4 ( see  Figure  
14.6-22). R e s e t t i n g  A l K 3  d i s c o n n e c t s  t h e  + and - 19 v o l t  r a d i o L e t e r  buses from 
t h e  t l 5  v o l t  r e g u l a t o r  t h a t  powers scan  l i n e  c o r r e c t v r  number 1. R e s e t t i n g  A1K4 
d i s c o n n e c t s  t h e  +B v o l t  l o g i c  b u s  from t h e  i-5 v o l t  regulator t h a t  p r o v i d e s  l o g i c  
power t o  SLC 1. R e s e t t i n g  r e l ays  A2S> and A2K4 6f.sconnect t h e  C and - 19 v o i t  
r ad iomete r  bus  from the SlS r e g u l a t o r  and the +8 v o l t  l o g i c  h u s  from the  +-5 wlt 
r e g u l a t o r  t h a t  power SLC-#2. Execut ion of SLCOFF r e q u i r e s  p r o p e r  s e l e c t i o n  of 
RIU 8 and T?I macrod i sc re t e  command g e n e r a t o r  A s i d e s  (A/prime o r  B/redundant).  
Cmmands SLClSEL and SLCZSEL 31-6 t h e  complements ( r e c i p r o c a l s )  of SLCOFF. 
V e r i f i c a t i o n  of SLCOFF r e q u i r e s  t h a t  both scan  l i n e  c o r r e c t o i s  be o f f .  Assuming 
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Funct ion  s Pate  Node 
TSLCSES 00 SLC OFF 
TPlsLClI I (0 Amps 
TI9fSLC21 - (0 Anzps 
TSLl5VP - <o V o l t s  
<-2.5 V o l t s  
<-2.5 V o l t s  
- TSLl15V 
TSLZ 15 VP 
TSL25VP 0 Volts  
- 
Serial .  command 871 message (0020)  SLCZSEL, t u r n s  off  scan l i n e  c o r r e c t o r  
e l e c t r o n i c s  1 and t u r n s  on s c a n  l i n e  r .o r rec tor  e l e c t r o n i c s  2.  Execut ion  of 
SLCZSEL resets relcrys A l a ,  A l K 3 ,  A1K4 and l a t c h e s  r e l a y s  A2K2, h2K3, and A2K4 
(see F igure  1 4 . 6 - 2 2 ) .  R e s e t t i n g  AlK2 d i s c o n n e c t s  SLC 1 e l e c t r o n i c s  from t h e  SLC 
motor. R e s e t t i n g  A l K 3  and hlK4 d i s c o n n e c t s  t h e  -k and - 19 v o l t  rad iometer  buses  
and t h e  8 v o l t  l o g i c  bus  from SLC 1 e l e c t r o n i c s .  La tch ing  A2U connec t s  t h e  
motor d r i v e  ocltput of SLC 2 e l e c t r o n i c s  to  t h e  SLC motor. La tch ing  A2K3 
connec t s  tlic -t ctnd - 19 v o l t  rndicraetcr  buses  t o  the 215 vole r e g u l a t o r  that 
provides  power t 3  SLC 2 e l e c t r o n i c s .  Ltitching r e l a y  P J K 4  c o r m x t s  t h e  +6 v o i t  
logic bus t o  t h e  5 v o l t  r e g u l a t o r  t h a t  p rov idcs  l o g i c  power t o  S’UC?, electronics. 
rJLC?SEL should  be used t n  t u r n  on ucan l i n e  ccrrectar 2 and sharild nat be 
executed  i f  scan l i n e  c o r r e c t o r  1 i s  on. Execurian of SLC2SEL r e q u i ~ ~ s  proper  
s e l e c t i o n  of R I U  8 and TM macrod i sc re t e  command genera tor  (!.EDCC) A s i d e 5  
(A/primc: o r  Bfredundant)  end t h a t  t h e  MDCG be on. The r e c i p r o c a l  of SLC2SEL is 
SLCOFF. Execut ion  of SLCZSEL i s  v e r i f i e d  i f  s can  l i n e  c o r r e c t o r  2 t u r n s  on. If 
SLC2 t u r n s  on t h e  f o l l o v i n g  t e l eme t ry  responses  occur .  
Funct ion  S t a t e  Node 
TSLCSEL 01 SLC 2 ON 
T S T C I I  
TSLC2I (TBD 1 
TSLI 15V 
TSL 1 SVP 
TSLZ 15V 
TSL2 SVP 
(0.2 b p s  
(-2.5 V o l t s  
- 
- - i o  Vol t s  
+0.2 Vole5 
I 
5 9 . 4  Vol t s  - 
I 
Serial.  command 871 message [ 0 0 4 0 ] ,  SLClSEL, curns  o f f  s can  line c o r r e c t o r  2 
e l e c t r o n i c s  and t u r n s  on scan  l i n e  c o r r e c t o r  1 e l e c t r o n i c s .  Execut ion  of 
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(see Figure  14.6-22). R e s e t t i n g  r e l a y  A2K2 d i s c o n n e c t s  SLC 2 e l c c t r o n i c q  from 
t h e  SLC motor. R e s e t t i n g  A2K3 and ~ 2 K 4  d i sconnec t  t he  + and - 19 v o l t  
r ad iomete r  buses  and t h e  4-8 v o l t  l o g i c  bus from SLC 2 e l e c t r o n i c s .  La tch ing  
AIK2 connec t s  t he  motor d r i v e  ou tpu t  of SLC 1 e l e c t r o n i c s  t o  t h e  SLC motor. 
La tch ing  A l a  connec t s  t h e  4- and - 19 v o l t  rad iometer  buses  t o  t h e  +15 v o l t  
r e g u l a t o r  which p rov ides  power t o  SLC 1. Latching  AlK4 connec t s  txe 8 v o l t  
l o g i c  bus  t o  t h e  5 v o l t  r e g u l a t o r  t h a t  p rov ides  l o g i c  power t o  SLC 1 
e l e c t r o n i c s .  SLClSEL i s  used t o  t u r n  on SLC 1 bu t  should no t  be execu ted  i P  SLC 
2 e l e c t r o n i c s  a r e  on. Execut ion  o f  SLClSEL r e q u i r e s  t h a t  t h e  s ide  of R I U  8 t h a t  
is powered be matched t o  t h e  s i d e  of Macrodiscre te  Command g e n e r a t o r  A t h a t  is 
powered (A and Pr ime o r  B and Redundant). The r e c i p r o c a l  of SLClSEL i s  SLCOFF. 
Execut ion  of SLClSEL is  v e r i f i e d  i f  s c a n  l i n e  c o r r e c t o r  e l e c t r o n i c s  1 t u rn8  on. 
I f  SLC 1 e l e c t r o n i c s  are on t h e  fo l lowing  t e l e m e t r y  should  be observed .  
B 
Funct ion  S t a t e  Mode 
TSLCSEL LO SLC 1 ON 
TSLCLI TBD 
TSLCZ X I ( 0 Anps 
TSL2 15V - (-2.5 V o l t s  
TSL25V - 
TSLl 15'; - f0.2  Vol t5  
TSLl5VP fi +.& &'Qlts 
<O.o Vol t8  
14.6.1.16 B a f f l e  Temperature Con t ro l  
The c e n t r a l  b a f f l e  of t he  TM t e l e s c o p e  i s  tempera ture  c o n t r o l l e d  t o  26' 
Cent igrade  (C).  The tempera ture  i s  sensed  by a t h e r m i s t o r  l oca t ed  midway a long  
t h e  b a f f l e  l eng th .  I n  t h e  normal mode when t h e  b a f f l e  tempera ture  dec reases  
below 26'C t h e  h e a t e r  i s  tu rned  on. The c losed  loop  c o n t r o l  can  be bypassed and 
a cons t an t  vo l tage  app l i ed  t o  t h e  h e a t e r  by command. The commands t h a t  c o n t r o l  
t h e  b a f f l e  h e a t e r  a r e :  
Ba f f l e  Temperature Con t ro l  Command 
Kmber  Acronym Ehne 
8 7 2 [ 0 4 0 0 ]  BFHTKDIS 
872[  08001 BFHTRBU 
572[ lOOO] BFHTRENA 
Baf f l e  Heater  D i sab le  
B a f f l e  Heater  Backup 
B a f f l e  Heater  Enable 
L SI) - hT C - 2 6 3 
l&-60 
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S e r i a l  command 872 message [5400], BFHTRDIS, tu rna  of f  t h e  b a f f l e  h e a t e r  
c o n t r o l l e r  and selects t h e  tempera ture  conc ro l  ~ o b c .  Execut ion  of BWTPDLS 
resets r e l a y s  A8KlO and A8611 ( s e e  Figure 1 4 . 6 - 2 3 ) .  R e s e t t i n g  A8KlO d i sconnec te  
t h e  + and - 19 volt rad iometer  buses  from t h e  215 v o l t  r e g u l a t o r  t h a t  powers t h e  
tempera ture  c o n t r o l l e r .  R e s e t t i n g  A 8 K l l  connec t s  t he  b a f f l e  h e a t e r  r e t u r n  t o  t h e  
t empera tu re  c o n t r o l l e r .  Execut ion  of BMTIUlIS r e q u i r e s  t h a t  a RIU 8 and b c r o -  
Discrete COmmnd Genera tor  (NDCG)-B p a i r  (A  and Prime o r  I3 and Rodundant) be 
powered. B F H T R D I S  he5 two p a r t i a l  complements: RFHTRENA which l a t c h 8  A8K10 and 
BFHTRBU which l a t c h e s  A 8 K l l .  V e r i f i c a t i o n  of BFHTRI:IS r e q u i r e s  t h a t  t h e  B a f f l e  
tempera ture  c o n t r o l l e r  be o f f .  The telemetry r ~ ~ p o n s e  a s s o c i e t e d  w i t h  b a f f l e  
tempera ture  c o n t r o l l e r  o f f  is: 
B a f f l e  C o n t r o l l e r  Telemetry 
Funct ion  S t a t e  Mode 
TSAFFHTR 00 
TBhFHTRI - (0 mAmps 
BAFF HTR O F F  
S e r i a l  command 8 7 2  message [080CJ], BRiTRBiJ ,  se lec ts  t!ie c o n s t a n t  vo l t age  mode of 
bsf €le h e a t e r  o p e r a t i o n .  Execut ion of BF?ITRBU l a t c h e o  relay A B K L I  (ace Figure  
1 4 . 6 - 2 3 ) .  Latching  A 8 K l l  dI  w o n n e c t s  the h e a t e r  r e t u r n  from t h e  c o n t r o l l e r  and 
connec t s  i t  t o  ground thrcugh 20 ohms. If h e z t e r  pous3~- 13 enabled  t h e  h e a t e r  Is  
c o n s t a n t l y  on d i s s i p a t i n g  approximate ly  4 v a t t s .  Execut ion of BFHTRBU r e q u i r e s  
t h a t  a RIU 8/f-IDCG-B p a i r  be powered. BFHTRDIS is t h e  complement of BFHTRBU. 
V e r i f i c a t i o n  of BRiTRBU r e q u i r e s  t h a t  t h e  TM be ON and t he  b a f f l e  h e a t e r  be 
enabled  ( B A F F  HTR ENA). The t e l eme t ry  response  Is: 
\ 
Funct ion  S t a r t  Mode 
TBAFFIITR 11 BAFF HTR BU 
TBAEliTRI  333 - +33 Amps 
S e r i a l  command 8 7 2  message [ lOOO] , BFHTRENA, enab le s  t h e  b a f f l e  tempera ture  
c o n t r o l l e r .  I f  t h e  n o r m 1  node has  been s e l e c t e d ,  t h e  b a € € l c  t i r a t e r  will be 
ope ra t ed  i n  the temperqture  c o n t r o l  made. If the backtip mode hafi been s e l e c t e d  
t h e  h e a t e r  w i l l  be ope ra t ed  i n  t h e  c o n s t a n l  vo l t age  sod:!. Execu t ion  .if F\I;”rlTRE*JA 
l a t c h e s  r e l a y  A 8 K 1 0  (see Figure  11.6-23). Latching  AHK10 cont iects  t h e  -& and - I9  
v o l t  rad iometer  buses t o  t h e  +15 v o l t  r e g L i l a t o r  t h a t  powero the  b a f f l e  
tempera ture  c o n t r o l l e r .  Execut ion  oi BFnTRENA r e q u i r e s  t h a t  R R I l J  B/MDCG-B p a i r  




31  December 1981 
If BEHTRENA i s  oxecuted t h e  t e l e m e t r y  response  t h a t  t h e  TW be ON or i n  a tandby.  
Fo : 
Funct  ton S t a t e  Mode 
TBAFFHTR I* BAFP HTR NORM or 
TBhFHTRI 0 t o  513 mAmpa 
BAFF HTR BU 
* don't care (1 o r  0) 
14 *6 * 2  COMMAND SEQUENCES 
Them t i c  Mapper command sequences can  be ca tegorf  zed as c o n f i g u r a t i o n  sequences ,  
o p e r a t i o n a l  sequences ,  and cont ingency sequences.  
14  - 6 . 2  -1 Conf fgura t ion  Sequences 
ConfigurRticn sequences a r e  used t o  s e l e c t  v a r i o u s  sets of redundant  conponents .  
Three o p e r a t i n g  modes have been d c i i n e d :  p r i m r y ,  redundant and mixed.  
14.6.2.1.1 P r h a r y  Conf igu ra t ton  Sequence 
The p r i w r y  conf i g u r a t i o n  oequence se lec ts  a l l  TM componenta des igna ted  "1" 
or "prime".  The prfraary c o n f i g u r a t i o n  sequence places  t h e  T?f in t h e  PRXP!Y 




6 3 4  
6 0 1  
6 LO 
4 7 0 1  1 4 7 6 1  
470( 3 6 3 6 1  




7 1 4  
7 3 4  
7 38 
7 06 
7 0 8  
S l S  ACRONYM -- 
PDU 
P D U  














EX S BY KTK 
TKIIMN 
TMH RE: !I 
P S l O F F  
P S 20 F F 
SHTROF P 
I .  1'1 0 F t.' 
LPZOE'F 
I. P 3 0 F F 
CS ItTKO N 
LP1 ON 
ri CG o i.' P 

















8 2 3  
756 
726 








0 7 1  [ Of3481 
871[  SOOO] 
8 7 1  [ 20001 
8 7 1  [ 02001 





872[ 0 6 O O j  
872[ i O O O ]  







































































SLCI S E L  
! . ' J U N A  
N S W N A  
DISLSTC 




D MTRO F F 
BFiiTRDIS 
B FHTRENA 
E NA CS HT R 
D I S CSilTR 
HCGOFF 
P S L O F F  
14.6.2.1.2 Redundant CQnf igu ra t ion  Sequence 
T h e  redundant  c o n f f g u r s t i o n  sequence s e l e c t s  a l l  IN components d e n i g n a t c t  PIB "2" 
or "redundant" .  T h e  r e d ~ ~ i d a n t  conk i g u r a t i o n  sequence p l ace8  the  TX i n  t h e  
redundant  conf igu rac ion .  The command sequence is: 





































8 4 3  
831 
7 04 
6 0 5  
6 2 1  
870[  00001 
8 721 0001 ] 
871 [OOLO] 
471 (0020 j  
871[8000] 
871 [ 20001 
87 1 [ 0400) 
872[0001] 
871 [ 0200 ]  
s7i[ooosl 
R 
Str S-1026 6 
































































BBHT REN A 
B D l O N  
BD3ON 
THSLffvEKA 












S*L?K? s EL 






S1,CZ 7 :L 
? 5 ?!A E ! i A 
:i S!*iAk ?; A 
DTSISTC 




LS 3 - s;P C- 2 6 3 
872 [0004]  
872[ 2000) 
872[ 1000 J 




8 7 2 [ 0 hOO] 
SVS- 1026 6 

















14.6.2.1.3 Mixed C o n f i g u r a t i o n  Sequences 
Mxed c o n f i g u r a t i o n s  are comprised of any cornbinatton of p r i m  (1) and redundant  
(2 )  components. Mixed conf igurc l t ions  ace ob ta ined  by s t a r t i n g  w i t h  t h e  prime or 
redundant  c o n f i g u r a t i o n  and s e l e c t i n g  t h e  d e s i r e d  "o the r "  component. The 
selectiom are: 
PRXMARY SELECTION REDUNDANT SELECTION ----- COMPONENT 
Power Supply MUXlOFF 631 MUX2OFF 658 
PSLOFF 615 PSZOFF 642 
632 PSION 605 PSZON 
648 EleyX i 0 N  621 EIIIX20N 
Command Gencrntors* 027 MCG0 F P 8 27 NCGOFF 
7 26 s EL F ACG 760 s EL RALZCC 
762 SCKlSEL 829 s CK2 s EL 
821 SELPBCG 843 SELRBCG 
SHEOFF Scan Mi r ro r  E l e c t r o n i c s  823 SHEOFF 823 
748 SEMlSEL 7 04 Sa% 2 S EL 
Scan Angle Monitor" 7 50 SAMlSEL 801 SAH2SEL 
Scan Line Cor rec to r*  871  [ 00401 SLClSEL 871 to0201 SCCZSEL 
"Notes : 
1. S ince  the p r i m a r y  and redundant  command receive28 are pe i r ed  t o  
t h e  s i d e  A and B of R I U  8 all t h r e e  m u s t  be swi tched  as must the  
R I U .  
2 .  Sh?? 1 and 2 a r e  i n t e r f a c e d  t o  SI%: and 2 r e s p e c t i v e l y  ( i . e . ,  S A M  
c o n t r o l s  SHE1 and SAIH2 ccmtrols  Z:.EZ). 
, 
i 
3 .  The TM must b e  on t o  execu te  serial magnitude commands. 
LSD-b?C-). 6 3 
14-65 
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14.6.2.2 O p e r a t i o n a l  Sequences 
O p e r a t i o n a l  sequences  are those r e q u i r e d  to place tila TM i n  an o p e r a t i n g  node, 
14.6.2.2.1 Launch Mode Sequence 
I n  t h e  LAUNCH modi t h e  TM i s  conf igu red  primary, is o f f  and d i s a b l e d ,  and the 
cooler door e l e c t r o l n a g n e t s  are ene rg ized .  The sequences  and cornreand8 r e q u i r e d  
t o  p l a c e  t h e  TM in t h e  LAUNCH mode are l i s t e d  below. 
S I S  
6 
ACRONYH OR SEQUENCE --- -C x D  # - -  
- .e. P R I W Y  COWKGUKATION SEQUENCE 
662 P DU DISTM 
6 38 PDU DSFSLESK 
645 PDU TMl9OFF 
722 TM DPfACON 
14.6.2.2.2 Primary Turn On Sequence 
The primary IMAGE mode c:onsisrrn of the T3i in the prime configuration and i n  the 
IMAGE mode. The  command sequence rcquirrd t o  place t he  TM i n  t h e  prlnary I@.GE 
mode f r o n  t h e  p r i m a r y  STP3DEY mode is l i s t e d  below: 
632 TM 
645 PDU 
16  second d e l a y  
PSlON 
M19OFF 
14.6.2.2.3 Redundant Turn On Sequence 
T h i s  sequence t r a n s f t i o n o  t h e  T?f from t h e  redundant STANJBY mode t o  t h e  
redundant XXAGE rzode, The redundant W A G E  ujode c o n s i s t s  of t h e  TM conf igu red  
r edundan t ly  ana on i n  the IHAGE mode. The sequence i s  l i s t e d  below: 
CMD # - -  
605 
445 





16 second de lay  
TM190FF 
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14.6.2.2.4 Standby Sequence 
To t r a n s i t i o n  from the  I W G E  mode t o  the STANDBY mode t h e  fol lowlng Seqqueuce 1s 
r e q u i r e d  : 








1 6  second delay 
PSlOFF 
PSZOFP 
14.6.2.2.5 Off SeqUeRtX 
To t r a n s i t i o n  from t h e  IMAGE or STAEDBY Eodes t o  t h e  OFF mode t h e  followin$ 









14.6.2 - 3  Contingexxcz Sequences 
Contingency sequences  are used t o  c b n g e  o p e r a t i o n a l  characte.rlst ics and C E ~ E : ~ C  
p e r f o m a n c e  changes.  
14.6.2.3.1 C s l i b r a t i o n  Lramp Con t ro l  Sequences 
IC t h e  IMAGE modes, t h e  c a l i b r a t i o n  lcmps operote i n  t h e  au tomat i c  sequencing  
mode. Xn t h i s  mode, t h e  r ad iance  o u t p u t  of each  lamp is a c t i v e l y  c o n t r o l l e d  and 
t h e  lazip i s  tu rned  on and o f f  a u t o m a t i c a l l y  by the sequencer .  Two cont ingency  
modes are a v a i l a b l e :  manual sequence and c o n s t a n t  c u r r e n t .  If t h e  6eqUeRCer 
f a i l s ,  the l a u p s  can be ope ra t ed  i n  t h e  manual sequence mode. The fo l lowing  
sequence o p e r a t e s  t h e  lamps i n  approximately t h e  Sam riSnner as t h e  au tomat i c  
sequencer .  
S/S - ACRONYM -- DELAY 
871[0004] TM SEQ OFF Lo seconds  
TK 7 38 
7 3 4  TH LPZOFF 




repeat t h e  f o l l o w i n g  when TM is ON: 
L SD- V?? C- 2 6 3 
14-67 
. .  ..- 
“ I  
SVS-10266 



























3 seconds  
3 seconds 
3 seconds  
3 seconds 
3 seconds  
3 seconds 
I€ t he  a c t i v e  feedback c o n t r o l  f a i l s ,  t h e  lamps  may be ope ra t ed  i n  t h e  o v e r r i d e  
mode. S ince  the sequencer  u6es t h e  r ad iance  c o n t r o l l e r  t o  t u r n  lamps o f f ,  t h e  
lamps must be sequenced manually. The o v e r r i d e  mode c o w n d  sequence is listed 
below: 
1 4 . 6 . 2 .  
S/S - ACROhW 
























R e p e a t  t h e  followfng when T?I i s  ON: 







































T!-~ie c o l d  f o c a l  plane assembly can be t o n t r o l ? e d  dt one of three  sclcc::!bie 
t e c p e r a t a r e s ,  assuming its u n c o n t r u i l e d  temperature is s u f f i c i c n t l y  cnld .  S f  t k e  
CFPA heater  f a i l t i ,  the teinperaiure can  tx controlled u s i ~ g  ii backup int,& o i  t i 8 2  
c o l d  s t a g e  h e a t e r .  The command sequences a s s o c i a t e d  with CFPA c o n t r o l  nodes a r e  
l i s t e d  be log .  
L SD-L-FC- 2 0 3 
14-68 
SVS-10266 
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The command sequence t o  select t empera tu re  c o n t r o l  p o i n t  T2 (9S0 Kelvin)  is: 





CFP A 0  NTL 
C F P U S E L  







The conmand sequence t o  select temperature  c o n t r o l  p o i n t  T1 (90' Kelv in )  is: 
s/s - ACKONYM 
710 TM CFPAONTl 
The command sequence t o  select  t empera tu re  monitor  mode is: 
7 13 





14.6.2.3.3 Blackbody Temperature Con t ro l  
The band 6 c a l i b r a t i o n  blackbody can be c o n t r o l l e d  a t  any of t h r e e  s e t  p o i n t s .  
I f  t h e  t empera tu re  c o n t r o l  t he r rn t s t e r  f a i l s ,  t h e  c i r c u i t  can be ope ra t ed  in :he 
c o n s t a n t  power mode. The commend sequences a s s o c i a t e d  w i t h  blackbody C O r i t . C l  
are l i s t e d  below. 










B B H T E N A  
The sequence t o  s e l e c t  c o n t r o l  temperature  T2 (30'C) is: 






B BE TRD I S 
BBHTRENA 
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Thz sequence r e q u i r e d  t o  select c o n t r o l  tempera ture  T 3  (35OC) is:  







B ERTFJS s s 
BBHTRENA 
BBT3SEL 







15.6.2.3. i GFPA Refocus and Re-Alignment Sequences 
The c o l d  Pocal  p l a n e  can be re -a l igned  and re-focused r e l a t i v e  to t h e  prime 
f o c a l  p l a n e  by command. Rr a l ignment  and re-focusing are accomplished by moving 
t h e  s p h e r i c a l  m i r r o r  of t h e  r e l a y  l e n s  set .  The s p h e r i c a l  m i r r o r  can be t i l t e d  
(a l ignment )  o r  t r a n s l a t e d  ( f o c u s )  u s i n g  t h r e e  d e v i c e s  c a l l e d  inchworms. Each 
inchworn c%n be extended o r  contrrscted on& seep ("SO niicto inches) at a t i m e  t h e  
command sequences are: 








871 [ 0 O O 2 ]  
870[ 02001 
870f OOOO] 
8 70 [ OOOO] 
8 7 1 [ 0001. ] 




















16  seconds r a p e a t  f o r  -- r e q u i r e d  # 
-- 
10 seconds of steps 
10 seconds -- 
-- 
Inchworm Move Sequence (Redundant) 












OFF sequence : 
CMD # - -  
ISOUTGNA 








827 MCGOFF - *  * 
* * 
a71[c~mj D I S I S T C  
872[ 00801 DISCSWTR 
872[ 80001 C q " M O F  
827 HCC OF r 
T e l e m e t r y  sequence: 
827 * 
* 
871 [ 02001 






D I S I S T C  
ENAISTC 
ENACSHTR 
D I SCSiiTR 
MCCOFF 
SVS-10266 
31 Dacslabar 1981 










10 seconds -- 
DEL4Y -- 






* Commanda  726, SELPACC, and 821, SELPBCG o r ,  700, SECRACC and 843 
SELRBCC dependent upon conf igurotion - P r i m e  ar R e d o n d o n e  
** 3 2 1 ,  SELPBCC i f  configuration is  P r i m e ,  8 4 3 ,  SELRBCG, i f  
R e  du nd R n e. 
LSD-UPC-263 
14-12  
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14.6.2.3.6 B a f f l e  Temperature Con t ro l  Sequences 
The t empera tu re  of t h e  t e l e s c o p e  b a f f l e s  is Ilars,neained a t  26Oc. The b a f f l e  
controller has two a c t i v e  operating nodee;: tcmperagure c o n t r o l  and c o n s t a n t  
power. 
Tsmperature control mode sequence: 
The command S ~ U ~ R C ~ S  a s s o c i a t e d  w i t h  h f  €le t empera ture  control. am: 
PRIMARY REDUNDANT 
827 HCGOF F 827 HCCOFP 
8 72 [ 0401 * 
cm f? ACRONYM -- O C  ACRONYM -- 
821 SELPBCG 843 SELRBCG 
872[1000)* 
827 MCGOFF 827 MCGOFF 
872104001 BWTRDRDIS* BFNmDIS 
BFHTRENA 872[ 10001 BmfTRENA* 
Constant power mode : 
PRIMARY REDUNDANT 
CMD a A C R O W  CXD # ACRONYM -- -- 
827 MCGOF F 827 MCGOFF 
872[1000]* EFHTPSNA 872 [ 1000 J * BFETRENC., 
a72 [osool* BWTRBU 872[0800]* 
827 MCGOFF 827 NCGOFF 
*10 second d e l a y  fo l lowing  command 
SLLRECG 
BF€Kl?WJ 
a21 S EL PZICG 843 
14.6.2.3.7 Mid Scan Marker Sequence 
A marker The 
marker r e p l a c e s  v ideo  d a t a  of bands 1 through 5 and 7 and c o n s i s t s  of 48 words 
of whi te  (level 255) fo l lowed by 48 words of black (level 0). The command 
sequences r equ i r ed  f o r  mid-scan mrkers arc. 
Mid-scan on sequence: 





MI DS CN 
LSD-WPC-263 
SVS-10246 
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Mid-scan oEf sequence: 
CMD # ACRONYM -- 
8701 OCOC] BST8 70 
* 762 SCRlSEL f o r  P r i m r y  c o n f l g u r a t l o n ,  829 
Redundant c o n f i g u r a t i o n  
SCR2SEL f o r  
14.6.2.3.8 Scan Mi r ro r  Temperature  Con t ro l  Sequences 
The scan  tnirror sesembly can be t empera tu re  c o n t r o l l e d  a t  2O0C u s i ~ g  t w o  25 ohm 
h e n t e r s  and t h e  SMA t empera ture  c o n t r o l l e r s .  The r equ i r ed  command sequences 
are : 
SMA Temperature  C o n t r o l  Enable: 
s/s ACRONYM DELAY -C M D S  -- 
E N S W T R  -- 601 PDU 
827 me MCGOFP -- * -- * TM 
871 [8000] TM PSMAENA l o  secondo 
871[ ZOOQ] m N S M N A  10 oecands 
827 m HCGO E F -- 
SMA Temperature  CsntroX Disable : 
s/ s ACRQEJm DELhY -CMD # -- 
-- 827 TM MCG3FF 
871 [ 40001 TK PSMADIS 10 seconds 
871[ lOOO] TF1 NSMAJIS 10 seconds 
827 TM 
636 PDU 
* -- * TM 
MCGOFF -- 
DSSEMTR -- 
* Cmd 726, SELPACG, i f  conf igured  Prim o r  760, SELRACG, i f  Redundant 
14.6.2.3.9 S h u t t e r  Con t ro l  Sequences 
The TM is equipped w i t h  a backup s h u t t e r  which w i l l  p rovide  t h e  DC r e s t o r e  
f u n c t i o n  of t h e  c a l i b r a t i o n  o h u t t e r  bu t  no t  t h e  c a l i b r a t i o n  f u n c t i o n .  I n  order  
t o  use t h e  backup sh i r t t ee ,  the  c a l  shutter must be removed from t h e  o p t i c a l  
path. THIS OPERATXON T S  IRWVERSX3LE. The backup s h u t t e r  can be f u n c t i o n a l l y  
t e s t e d  i n  B rcversible m n n e r .  
LSD- WPC- 26 3 
_. . . .I I . . 
i 
Backup Shuttar T 
CMD I - -  









Cal ibrat ion Shutter Turn On Sequence: 











Backup Shutter Turn On Sequence: 





7 4 6  
827 
c3 
e * *  
871[0004]* 
N 7 1 1 OOSO] * * 
872 j  0008 1 ** 
8 7 2 [ GOO:! 1 
A C R O ~  










SHTRO F P 




















sn.rlRE 3 m r n u t f f  
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ELSAFE 
HCCOFF 
BU c: HTRON 
* Cmd 726,  SELPACG, i f  con f igu red  Prime or 9 6 0 ,  SELPXACC, i f  
Redundant 
** 10 second d e l a y  
*** Cmd 821, SELPB, i f  con f igu red  Prime o r  843, SELRBCC i f  
Rcdundhnt 
14.6.2.3.10 Door C o n t r o l  Sequences 
The TM r n a i a t i v e  c o o l e r  door  can t e  ccnmanded t o  any of t h r e e  p o s i t i o n s :  
c l o s e d ,  o u t g a s  (a p o s i t i o n  a b o u t  3' from closed), pnd open (a p o s i t i o n  a b o u t  90' 
from c l o s e d ) .  I f  t h e  door  l a t c h  (electro-magnet)  is  e n e r g i z e d ,  i t  mst be de- 
ene rg ized  t o  permi t  t h e  door  t o  open. I n  t h e  even t  of a motor o r  m t o r  d r i v e  
f a i l u r e ,  t h e  door  c a n  be moved t o  open p o s i t i o n  by a c t i v e t i n g  t h e  door  f u s i b l e  
l i n k .  The door command sequences are: 






870[  OOOO] 
872[ 20001 
827 
Door Close Sequence : 




872 [4000 ]  
































. _  . . .. . . - I .  . 
" i  
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Emergency Door Open Sequence: 
ACRONYM D E U Y  
MCGOFF 
--c M D #  -- 
-- 
I- 
82 7 * * **** **A* -Y 
872 [ 0040 J DFLENA 10 seconds 
871[0100] DFLARM 18 seconds 
872[0010] DFLFIRE 3 minutes 







821 SELPBCG, i f  i n  Prime conf igura t ioc  o r  843, SELRBCG, i f  
Redundant 
762 SCRlSEL if in Prime conf igura i ton  or 029 SCR2SEL i f  
Redundant 
repea t  i f  des i red  t o  mode t o  next open OS closed pos i t i on  
726 SELPACG i f  in Prime conf igura t ion  or 760 SELMCG 
Redundant 
i f  i n  
14.6 .? . 2 . 6  
This command sequence should be? tratismttted as soon as colrsland capabtlity is 
es tab l i shed  a f t e r  en te r ing  the  inertial safetiold mde. 
I n e r t i a l  Safeiiolc! Seqtlence 



























6 4 2  
LSD-WC-2 6 3 
14-77 
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* 762, SCRLSEL, o r  829, SCR2SEL based upon c o n f i g u r e t i a n  Prime or  
Redundant 
821, SELPBCC, o r  843, SELRBCG, based upon Prim@ o r  Xcdund8nt 
con€ i g u r a  t i o n  
** s/c 
14.6.3 TM COMMAND CONSTRAINTS 
The command c o n s t r a i n t s  appea r  i n  Paragraph 14 .4 .2  b u t  are r e p e a t e d  h e r e  f o r  
convenfence . 
14 .6 .3 .1  Discrete t o  S e r i a l  Magnitude Command Timine 
A d i s c r e t e  command s h a l l  no t  be d i r e c t e d  t o  t h e  TM w i t h i n  32 mil i seconds  of a 
serial command message a s s o c i a t e d  w i t h  serial magnitude command 871 o r  872. 
14.6.3.2 S e r i a l  Command Message Timing 
S e r i a l  
s h a l l  be s e p a r a t e d  by a minimum of LO seconds.  
command messages a s s o c i a t e d  w i t h  a unique TM ser ia l  command (871 o r  872) 
1 4 . 6 . 3 . 3  S e r i a l  Content  MEssage Ccriand 
Serial command messages a s s o c i a t e d  w i t h  comneds $71 and 872 shall c0iitai.n mi 
more t h a n  one (1) 1 ( o n e ) .  
1 4 . 6 . 3  -4  M u l t i p l e x e r  Opera t ion  
The m u l t i p l e x e r  s h a l l  not  be commanded on if inchworm power is ON. 
14 .6 .3 .5  M u l t i p l e x e r  Turn-On 
The m u l t i p l e x e r  t u r n  on commands (MUXlON OF MUXZON) s h a l l  n o t  be executed  w i t h i n  
20 miL1iseconds of i s s u i n g  a power supply  on command (PSION or PSZON). 
14.6.3.6 Inchworm O p e r a t i o n  




. .,, . . 
14.6 .3 .7  Calibration Shutter 
Once the calibration shut ter  is powered o f f ,  power shall not be 
at  least 60 seconds t o  allow the slow s tart  capacitor to discharge.  
resupplied for 
14.6 .4  COMMAh'D FUNCTIONAL BLOCK DIAGRAMS 
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Figure 14.6-6. Shutter Contro l  
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Figure 1&.6-12. Band Con t ro l  
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Figure  14.6-13. Door Latch Control 
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14.7 TM TELEMETRY 
Opera t ion  of t h e  ThesetLC EIappPr is utonitored by 70 condi t ioned  a n a l o g  t e l e m e t r y  
channels ,  p a s s i v e  analog t e l c a e t r y  channel8 and 1 2  a e r i a l  d i g i t a l  e e l e n e t r y  
channzls. The t e l e m e t r y  monitors  are l i s t e d  i n  Table  14.7-1. T e f e a e t r y  Iimitte 
a p p e a r  i n  Table  14.7-2. Telemetry d e r i v a t i o n  c i r c u i t s  a p p e a r  i n  paragraph 
1 4  -7.3. 
- 
30 
14.7.1 TM ANALOG TELEkETRY MONITORS 
The Thematic Mapper u t i l i z e s  LOO analog  t e l e m e t r y  channels  (70  and 
30 p a s s i v e ) .  The t e l e w t r y  monitors  are f i s t e d  by u a e r  i d e n t i f i c a t i o n  number i n  
Table  14.7-1, and o p e r a t i n g  limits appear  i n  Table  14.7-2. In fo rma t ion  
r e g a r d i n g  c a l i b r a t i o n  c u r v e  c o e f f i c i e n t s  f o r  t h e  t e l e m e t r y  response  f u n c t i o n s  
can  be found i n  Appendix A.14. 
condi t ioned  
The f o l l o w i n g  paragraphs  d e s c r i b e  t h e  t e l e m e t r y  monitors .  
14.7.1.1 Power Supply #I I n p u t  Curren t  (TM-01) -
T h i s  t e l e m e t r y  f u n c t i o n  monitors  t h e  i n p u t  c u r r e n t  t o  Thematic Mapper power 
supply  number 1. Thc i n p u t  Cttrkent i5 menitored by s e n s i n g  t h e  v o l t a g e  drop  
across a r e s i s t o r  i n  t h e  i n p u t  pokier r e t u r n  l i n e .  The telemetry d e r i v a t i o n  
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14.7.1.2 Power Supply C2 Input Current (W-02) 
This telemetry funct ion monitors the input current bein13 drawn by power supply 
number The telemetry signal is derived by sens ing  the vo l tage  drop ackosa a 
r e s i s t o r  i n  the input power return l i n e  and condi t ionin& i t  eo match the 
telemetry range. The telemetry d e r i a t i o n  c i r c u i t  appears 8s FB.g;t~re 114.7-1. 
Operating l i m i t s  f o r  t h i s  funct ion i s  i n  Table 14.7-2.  
2. 
. .  
LSD-WPC-263 
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T a b l e  14.7-2. TM T e l e m e t r y  L i m i t s  
User Lam% ts 1 
















TI+ 1 6 
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Table 14.7-2. TM Telemetry Limits  
- .- 
User LL&tn 










TM- 7 0 
TM- 7 1 
TX-72 
m-71 
1%- 7 4 
TM-75 
TM- 7 6 














TX- 9 1 
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m- 93 
TM-94 






















































S/C O N  
SIC O N  
SIC ON 
S/C ON 
S/C O N  
S/C O N  
S/C U N  
SIC O N  





s/c O N  
s/c O N  
s/c obr 
s/c O N  
s/c ON 
s/c O N  
S/C O N  
S/C Qfa' 
1 2 1  
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TM T e l e m e t r y  Limits  Table 14.7-2 
User L i m i t 5  
ID Acronym Mode Lower Upper E.U. Units 
TM-96 TCAST s/c ON -10 22 OC 
EM- 9 7 T O T  S/C ON -40 - OC 
m-100 TRFNT s/c ON -20 25 OC 
TM-98 - - - - - 
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14.7.1.3 +19V High Cur ren t  Supply Monitor (ni-03) 
This  t e l e r i e t r y  fianctLon moni tors  t h e  vo l t age  of t h e  4-19 v o l t  rad iometer  bus. 
T h i s  bus i s  c r e a t e d  by d iode  or-ing t h e  hLgh c u r r e n t  4-19 v o l t  o u t p u t s  of power 
suppt i - . s  1 and 2 .  The t e l e m e t r y  s i g n a l  is der ived  from a r e s i s t i v e  d i v i d e r  as 
shown i n  F i g u r e  14.7-2. The 4-19 V r ad iomete r  bus powers t h e  fo l lowing  c i r c u i t s :  
Board C i r c u i t  
A1 Scan L i n e  C o r r e c t o r  #I 
A2 Scan L ine  C o r r e c t o r  12 
A3 C a l  Lamps 2 ,  2 an2 3 
A4 Cold S tage  Heater C o n t r o l l e r  * 
Blackbody Heater & C o n t r o l l e r  * 
Cold Focal  P l a n e  Assembly Heater & C o n t r o l l e r  * 
DC Res to re  & S h u t t e r  Temperature Telemetry 
I n t e r m e d i a t e  S tage  Heater C o n t r o l l e r  
A5 
A6 C a l  S h u t t e r  Logic  
A7 Backup S h u t t e r  Logic  
A8 Telemetry S c a l i n g  C Erame D . C .  Res to re  
B a f f l e  Heater & C o n t r o l l e r  
* Also  powered i-i s tandby modes. 
The +1!3 
and shou ld  be w i t h i n  l i u i t s  de f ined  i n  Table  14.7-2. 
v o l t  high c u r r e n t  supply monitor  i s  v a l i d  i f  power supply  1 o r  2 is  on 
14.7.1.4 - 19V Hish Cur ren t  Supply Monitor (TM-04) -- 
This  t e l e m e t r y  f u n c t i o n  moni tors  t he  vo l t age  of t h e  -19 v o l t  rad iometer  bus. 
T n e  -19 v o l t  bus  is produced by d iode  "or-ing" t h e  -19 v o l t  high c u r r e n t  ou tp i i t s  
of power s u p p l i e s  1 and 2 .  The t e l eme t ry  s i g n a l  is  de r ived  from a r e s i s t i v e  
d i v i d e r  and cond i t ioned  by a n  o p e r a t i o n a l  a m p l i f i e r  (see F igure  14.7-3). The 
-19 v9l-t r a d i o n e t e r  bus p rov ides  power t o  t h e  c i r c u i t s  de f lned  i n  t h e  proceeding 
paragraph.  The -19 v o l t  h igh  c u r r e n t  t e l e m e t r y  i s  v a l i d  i f  power supply  1 o r  2 
is on and should  be w i t h i n  t h e  l i m i t s  de f ined  i n  Table 14.7-2. 
14.7.1.5 
This  t e l eme t ry  f u n c t i o n  moni tors  t h e  v o l t a g e  o f  t he  -1-8 v o l t  bus. The bus is 
c r e a t e d  by d iode  or - ing  t h e  t8 v o l t  o u t p u t s  of power s u p p l i e s  1 and 2. The 
t e l eme t ry  s i g n a l - i s  de r ived  us ing  a r e s i s t i v e  d i v i d e r  a s  shown i n  F igu re  14.7-4. 
The 8 v o l t  supply should  be w!th!n the o p e r a t i n g  l i m i t s  d e f i n e d  i n  Table  14.7-2 
when e i t h e r  power supp ly  i o r  2 i s  on. The  -k8 v o l t  bus provides  l o g i c  pcwer to 
t h e  c i r c u i t s  l i s t e d  below. 
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Board C i r c u i t  
A1  
Af. 





14.7 -1.6 +80 -Volt  Heater -- 
Scan L i n e  C o r r e c t o r  't 
Scan L i n e  Correctlsr 2 
Inchworm C o n t r o l  
C a l i b r a t i o n  S h u t t e r  Driv@ 
Back-up S h u t t e r  D i ivz  
C a l i b r a t i o n  L m p  
Cooler  Door W i v e  
Supply Monitor (TM-0-6) 
Th i s  t e l e m e t r y  f u n c t i o n  monttora t h e  v o l t a g e  of t h e  +a0 v o l t  h e a t e r  bus-  The 
hearer bus i s  c r e a t e d  by d iode  or- ing t h e  +80 v o l t  n u t p u t s  of power s u p p l i e s  1 
and 2 .  The t e l e m e t r y  s i g n a l  i s  d e r i v e d  from r e s i s t i v e  d i v i d e r s  cn t h e  eoolbinea 
bus as  shown i n  F i g u r e  14.7-5. The +80 v o l t  bus should be w i t h i n  t h e  l i d t s  
d e f i n e d  i n  Tab le  14.7-2 if e i t h e r  power supp ly  1 o r  2 i s  on. The 980 v o l t  h e a t e r  
bus p rov ides  power to  t h e  co ld  s t a g e  o u t g a s  hei i ter  (board Ab) and t h e  
i n t e r m e d i a t e  s t a g e  o u t g a s  h e a t e r  (board A 5 ) .  
14.7.l.7 
T h i s  t e l e m e t r y  f u n c t i o n  n o n i t o r e  t h e  voltrige of t h e  +33v s%ttcr d r i v e  ~ U P .  The 
s h u t t e r  d r i v e  bus is c r e a t e d  by dfade or-ing t he  +J3 v o l t  cuLputa of pnver 
s u p p l i e s  1 and 2 .  The t e l eme t ry  signa: is d e r i v e d  from a r e s i s t i v e  di l r i icr  et 
t h e  combined bus as shown i n  Figure 1 4 . 7 - 6 .  T h e  i 3 3  vo le  bus should be la i t l , in  
t h e  l i m i t s  d e f i n e d  i n  Tab le  14.7-2 i f  ei ther power s u p p l y  1 o r  2 t a  on. The +33  
v o l t  bus p r o v i d e s  power t o  t h e  fo l lowing  c i r c u i t s :  
-- +33 Volt S h u t t e r  Drive Monitor (TM-07) 
Board # C i  rcui: -- - 




Cal S h u t t e r  Drive 
Back-up S h u t t e r  Drive 
Cooler  Door Motor 6 Brake 
MDCG P u l s e  Genera to r s  
14.7.1.8 All Cal Lamps ON Monitor (TM-08) 
-I_ -
T h i s  t e l e m e t r y  fURCtiOn monitors  t h e  s t a t u s  o f  t h e  c a l i b r a t f o n  l a n p  sequencer .  
When t h e  sequencer  1s i n  t h e  a l l  lamps O R  s t a t e ,  t h e  t e l eme t ry  v a l u e  apkroaches 
250  coun t s .  The a l l  cal  lampa on t e l eme t ry  i s  v a l i d  when Lhe c a l i b r a t i o n  
sequencer  is on. There are no limits a s s o c i a t e d  w i t h  t h i s  t e l e n e t r y  f u n c t L n ,  
however, i n  t h e  a u t o r n t t c  c a l i b r a t i o n  mode t h i s  f u n c t i o n  should be " t r u e "  
(Le. > 1.25 c o a s t s )  approxtmately 2.E6 seron3s O L . , ~  of 2 2 . 7  r i e c o n ? ~ .  The 
teie:;etry d e r i v a t l o n  c i r c u i t  aDpears as Figure 1 4 . 7 - 7 .  
L S D- bip C- 2 6 3 
SVS-10266 
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14.7.1.9 Band 1 919 Volt Supply  Monitor (TM-09) ----- 
T h i s  t r l e n e t r y  f u n c t i o n  mon i to r s  t h e  v o l t a g e  of t h e  band 1 +19 volt bus. The 
band 1 Cl9 v o l t  bus is c r e a t e d  by d iode  "or-rng" t h e  919 s o l t  band 1 occputs  of 
power s u p p l i e s  1 and 2. T h i s  bus prov ides  power t o  t h e  d e t e c t o r s ,  pre-amps, and 
post-amps a s s o c i a t e d  w i t h  band 1. The t e l e m e t r y  s i g n a l  i s  d e r i v e d  from a 
r e s i s t i v e  d i v i d e r  between t h e  +19 v o l t  b u s  and r e t u r n  and is c o n d i t i o n e d  by an 
ope*:ational a m p l i f i e r  as  shown in Figure 14.7-8. The t e l eme t ry  s i g n a l  is v a l i  
when Band 1 i s  on and shou ld  be  w i t h i n  t h e  l i m i t s  de f ined  in Tsb le  14.7-2. 
14.7.1.10 Band 1 -19 v o l t  Supply Monitor (TN-10) 
T h i s  t e l emezry  f u n c t i o n  mon i to r s  ehe v o l t a g e  of  t h e  band I -19 v o l t  b c s .  The 
aunt* 1 -19 v o l t  blrs is c r e a t e d  by d iode  "or-ing" the -19 v o l t  band 1 o u t p u t s  of 
power s u p p l i e s  1 End 2 .  T h i s  bus prov ides  powor t o  t h e  d e t e c t o r s ,  pre-arops snd 
post-amps a s s o c i a t e d  w i t h  band 1. The t e l e m e t r y  signal  i s  d e r i v e d  from R 
r e s i s t i v e  d i v i d e r  between t h e  -19 v o l t  bus  and r e t u r n  and f s  c o n d i t i o n e d  by a n  
o p e r a t i o n a l  a m p l i f i e r  as shown in FiSure 14.7-9. The t e l e m e t r y  s i g n a l  is v s l i d  
when band 1 is on and s h o u l d  be w i t h i n  t h e  l i m i t s  d e f i n e d  in Table 14.7-2. 
---- 
14.7.1.11 Band 2 +19 v o l t  m p p l y  monitor (TM-11) -- _. --- 
this telemetry f u n c t i o n  monitors  t!w voltnF,e of the h n d  2 919 v o l t  bus. 'The 
band 2 +1S v o l t  b u s  is c r e n t e d  by diode "or-lng" t h e  4-19 v o l t  band 2 o:itputs of 
power  s u p p l i e s  1 and 2 .  T h i s  bus  p r a v i & s  pave r  to t h e  ch t t s c to ra ,  p ie -nmy,  and 
posy-anps a s s o c i a t e d  w i t h  hand 2.  The ttYlt?nictry sPg11a1 i s  der-ved from a 
res ts t ive d i v i d e r  between t h e  +13 v o l t  bus timi r e t u r n  and i s  cond i t ioned  by 5 n  
ope r t i t i ona l  a m p l i f i e r  a? shown i n  F i p i r z  14.7-8. The t e l eme t ry  s i g n a l  is v a l i d  
when band 2 is on and shou ld  be w l t h i n  t : -  ' i m i t e  d e f i n e d  i n  Tab le  14.7-2. 
14.7.1.12 Band 2 -19 v o l t  Supply Monitor (nl-12) 
Thfs telemetry f u n c t t o n  mcn i to r s  the \-ultnge of t h e  band 2 -19 v o l t  bus. T h e  
hnnd 2 output :  o f  pok.dr s u p p l i e s  1 nnd 2 .  T h i s  bus p rov ides  power t o  t h e  
d c t r c t o r s .  pre-amps, and post-amps assoc is tcd  w i t h  hsixi 2. The telemetry s i g n t ~ l  
is d e r i v e d  from a r e s i s t t v e  d i v t d e r  between t h e  -19 v o l t  bus  knd r e t u r n  and i s  
cond i t ioned  by and o p e r a t i o n a l  a m p l i f i e r  N Y  shown in Figure  14.7-9. The 
telcmetrj s i g n a l  i s  v a l i d  when band 2 f s  o n  and s h o u l d  be w i t h i n  t h e  l imi t s  
d e f i n e d  I n  Tab le  14.7-2. 
14.7.1.13 Band 3 +19 V o l t  Supply Monitor (1X-13)  --- 
T h i s  t e l e m e t r y  fur.ction mon i to r s  t h e  volt*tg,c of t h e  h*nd 3 +19 v o l t  bus. The 
harid 3 + l o  v o l t  biis i s  c r e a t e d  by diode  "rir-tng" the +I9  V ( J 1 t  b:tnr! 3 o u F p u t s  
power s u p F l i e s  1 a i d  2 .  T h i s  hue provt&>s polici- c o  t h e  dPtc ; rnrs : ,  pre-amps, mtfl  
posL--nmps a s s o c i a t e d  w i t h  hand 3. I'tit. t e l c i n c t r y  sdgnii l  t s  c fcr ived  from 
r e s i s t i v e  d i v i n e r  be txeen  t h e  +19 v o l t  hits :;nJ r e t u r n  titid is cot idi t toned by an 
o p e m t i o r i u i  r t u p l i f i e r  as  shown i n  Figtire 16.9-8. The telemetrv s i g n a l  is v a l i d  
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when band 3 is OR end shou ld  be w i t h i n  t h e  l i m i t s  def ined  in Tab la  14.7-1. 
14.7.1.14 
T h i s  t e l e m e t r y  f u u c t i o n  moni tors  t h e  v o l t a g e  o f  t h e  band 3 -18 vo l t  buoa. Tha 
band 3 -19 v o l t  bus  ie c r e a t e d  by dioda "or-ing" t h e  -E9 v o l t  band 3 o u t p u t s  OF 
power s u p p l i e s  1 and 2. T h i s  brts p rov ides  power t o  t h e  detecto:s, p re-a t~pb,  and 
post-amps a s s o c i a t e d  w i t h  band 3 .  rhe  t e lome t ry  s ign L irr d e r i v e d  froa R 
r e s i s t i v e  d i v i d e r  between the -19 voir: burr and r e t u r n  n& Le c o n d i t i o n e d  by a n  
o p e r a t i o n a l  a m p l i f i e r  .sa shown i n  F i g u r e  14.7-8. The tsliimetry s i g n a l  is v a l i d  
when band 3 i s  on and shou ld  be w i t h i n  t h e  l f m i t s  d e f i n d  i n  Tnble  14.7-1. 
Band 3 -19 Volt Supply Efonitor (TM-142 ---- 
14.7.1.15 Band 4 +19 Volt Supply  Monitor (m-151 
-_I_ ----- 
TI&: t e l e m e t r y  funcefon  monitors t h e  v o l t a g e  of t h e  d 4 C19 v o l t  bus. The 
band 4 i-19 v o l t  bus  1s c r e a t e d  by d io& " o r i n g "  t h o  +1 olt band 4 o u t p u t s  of  
power s u p p l i e s  1 and 2 .  T h i s  bus  provfdes  pouar t o  t h e  &@tticeorn, pre-amp@, nnd 
post-amps s s a o c f a t e d  w i t h  band 4.  Tho t e l eme t ry  efgrtchl jkn d e r i v e d  from band 4. 
The t e l e m e t r y  signal is d e r i v e d  from a r e s i s t i v e  d i v f d a r  :tween t h e  +18 v o l t  
bus and r e t u r n  and is cond i t ioned  by an o p e r a t i o n a l  i m p  ier a8 shoun i n  Figure 
1 4 . 7 4 .  The t e l eme t ry  s i g n a l  is v a l i d  when band '4 ie on d should  be u l t h f n  t h e  
l i m i t s  de f ined  in TaSlc  14.7-2. 
Thla  t 2 l e m t r y  function mnitors rhe voltdig" o f  t k c  'bmd 4 -19 v o l t  bun. T h e  
band 4 4-19 v o l t  bus Is creijced by df,otfo "or-ing" the -19 uolc  hand & ourpurr- of 
power s u p p l i e s  1 and 2 .  T h i s  bus provides  power t o  Lhc &eitoctors, pre-ramps, and 
post-amps a s s o c i a t e d  w1:L band 4 .  The telemetry signal is d e r i v e d  from a 
r e s i s t i v e  d i v i d e r  between t h e  +19 v o l t  bus and r c t u r n  a d  La c o n d i t i o n e d  by au 
o p e r a t i m a 1  a t a p l t f i c r  as shown in Figure  14.7-8. The t e l m e t r y  signal is v a l i d  
when band 4 is on and shou ld  be within t h e  l i m i t s  d e f i n e 8  i n  Tab le  14.7-2. 
14.7.1.17 Bnnd 5 +19 Vol t  S l i w  Monitor (TM-172 - _ - - - _  
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  v o l t a g e  of the band 5 -19 v o l t  bus .  The 
band 5 + I 9  v o l t  bus  Is c r e a t e d  by (!iode " o r i q q "  t h e  4-19 v o l t  band 5 o u t p u t s  of 
power s u p p l i e s  I and 2 .  T h i s  s u p p l y  p rov ides  powor t o  d e t e c t o r s  prn-ampti, 
and post-amps n s s o c i s t c d  w i t h  band 5 .  The t e i cme t ry  s l g n s l  Is dcriveri  f r o m  band 
5 and 7 .  The telemetry s i g n a l  t s  d e r i v e d  f r o m  N r ca l s$ fve  d t v i d c r  butween the 
+ I9  volt bus and r e t u r n  and  fs c a n d t t i o n e d  by ai1 apera t inma1 n o x p l f f i a r  BY slwwn 
i n  F i g u r e  1 4 . 7 4 .  The telemetry s f g u o l  i s  v a l l f  wiicn b a d  5 l u  on and N ~ O U % ~  be 
wi th in  the LiiuILs d e f i m d  in Table  1 3 . 7 - 2 .  
, 
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14.7.1.18 Band 5 -19 Vo l t  Supply Monitor  (TM-18) ---- _I- 
This  t e l e m e t r y  func t io r ,  iiionitors t h e  v o l t a g e  o f  t h e  b a d  5 -19 v o l t  bus. The 1 "  
band 5 i-19 v o l t  bus  is c r e a t e d  by d iode  "or-ing" t h e  -19 v o l t  band 5 o u t p u t s  of 
power s u p p l i e s  1 end 2. T h i s  supp ly  p rov ides  power t o  t b e  d e t e c t o r s ,  pre-amps, 
e3d post-zmps a s s o c i a t e d  w i t h  band 5. The t e l eme t ry  s i g n a l  i s  d e r i v e d  from band 
5 and 7. The t e l eme t ry  s i g n a l  is  d e r i v e d  from a r e s i s t i v e  d i v i d e r  between t h e  
+19 v o l t  bus  and r e t u r n  and i s  cond i t ioned  by an  o p e r a t i o n a l  a m p l i f i e r  as shown 
i n  F i g u r e  14.7-8. The t e l eme t ry  s i g n a l  is  v a l i d  when band 5 is on and ahould be 
w i t h i n  t h e  l i m i t s  de f ined  i n  Table  14.7-2. 
I 
14.7.1.19 
This  t e l e m e t r y  f u n c t i o n  moni tors  t h e  vo l t age  o f  t h e  band 6 +19 v o l t  bus. The 
band 6 +P9 v o l t  bus  is c r e a t e d  by d iode  "or-ing" t h e  +19 v o l t  band 4 o u t p u t s  of  
power s u p p l i e s  1 and 2. T h i s  supply  p rov ides  power t o  t h e  d e t e c t o r s ,  pre-amps, 
and post-amps a s s o c i a t e d  w i t h  band 6. The t e l eme t ry  s i g n a l  is d e r i v e d  from bend 
6. The telemetry s i g n a l  i s  t icr ived from a r e s i s t i v e  d i v i d e r  between t h e  +19 
v o l t  bus  and r e t u r n  and is cond i t ioned  by a n  o p e r a t i o n a l  a m p l i f i e r  as shown i n  
F igu re  14.7-8. The t e l e rae t ry  s i g n a l  i s  v a l i d  when band 6 i s  on and should  be 
w i t h i n  rhc  limits d e f i n e d  i n  Table  14.7-2. 
Band 6 919 Vol t  Suoply Monitor (TM-1'3) ---- 
14.7.1.20 
This  telemetrl f u n c t i o n  moni tors  t h e  v o l t a g e  of t h e  band 6 +I9 v o l t  bus .  The 
band 5 i-19 v o l t  bus is c r e a t e d  by d iode  "or-in$" t h e  "rl9 v o l t  band 4 outputs of  
pawer s u p p l i e s  1 and 2. T h i s  supply  provides  power t o  t h e  d e t e c t o r s  pre-amps, 
and post-amps a s s o c i a t e d  w i t h  band 6 .  The t e l eme t ry  s i g n a l  is d e r i v e d  from band 
6. The t e l eme t ry  s i g n a l  is  de r ived  from a r e s i s t i v e  d i v i d e r  between t h e  +19 
v o l t  bus  and r e t u r I i  and i s  cond i t ioned  by an o p e r a t i o n a l  a m p l i f i e r  as shown i n  
F igu re  14.7-8. The t e 3 e n e t r y  s i g n a l  is v a l i d  when band 6 i s  on and should  be 
w i t h i n  t h e  l i n i t s  de f ined  i n  Tsb le  14.7-2. 
Band 6 -19 Vol t  Supply Pfonitor (EI-20) -_ -___ 
1 4 . 7 . 2 . 2 1  IS0 +19 Vol t  Supply Monitor (TM-21) 
--_I-_I_ 
T h i s  t e l e m e t r y  f u n c t i o n  n o n i t o r e  the  v o l t a g e  of t h e  Scan Mir ro r  Assembly +19 
v o l t  bus. The bus is c r e a t e d  by d iode  or- ing t h e  +19 v o l t  SPA o u t p u t  of power 
s u p p l i e s  1 and 2 .  The SMA 4-19 v o l t  bun powers t h e  SMA h e a t e r  c e n t r a l  c i r c u i t s .  
The t e l e m e t r y  s i g n a l  i s  der ived  uning a r e s i s t o r  d i v i d e r  4-19 v o l t  bus and i t s  
r e t u r n  and is cond i t ioned  by an  o p e r a t i o n a l  a m p l i f i e r  8 s  shown i n  F igu re  
14.7-8. T61e t e l eme t ry  signal i s  v a l i d  whenever t h e  SMA h e a t e r  c o n t r o l  power 
i s  on and should  be w i t h i n  t h e  l i m i t s  de f ined  in Table 1 4 . 7 - 2 .  The t e l eme t ry  
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14.7 .1 .22 IS0  -19 Vol t  Supp ly  Monitor  (Ri-22) - -
This  t e l eme t ry  f u n c t i o n  rnordtors t h e  v o l t a g e  of t h e  Scan Mi r ro r  Assembly -19 
v o l t  bus. The bus is c r e a t e d  by d iode  or-ing t h e  -19 v o l t  SMA power 
s u p p l i e s  I and 2 .  The SMA -19 v o l t  bus powers t h e  SEtk h e a t e r  centra:. c i r c u i t s .  
The t e l e m e t r y  s igna l  is de r ived  us ing  a r e s i s t o r  d i v i d e r  -19 v o l t  bus  and its 
r e t u r n  and i s  cond i t ioned  by a n  o p e r a t i o n a l  a m p l i f i e r  as shown i n  F igu re  14.7-8. 
The t e l eme t ry  s i g n a l  i s  v a l i d  whenever t h e  SW h e a t e r  c o n t r o l  power is  on  and 
should  be w i t h i n  t h e  limits de f ined  i n  Table  14.7-2. 
a a t p u t  o f  
14 .7 .1 .23  CCVU +9 Vol t  Monitor (TH-23) --- -
T h i s  t e l e m e t r y  f u n c t i o n  monitors  t h e  vo l t age  of t h e  +9V CDVU bus. The CDVU bus 
is  c r e a t e d  by d iode  "or-ing" t h e  +9 v o l t  CD'JJ o u t p u t  of power s u p p l i e s  1 2 
min+zwP t c h e r s .  Th i s  bus  p rov ides  power ti. t h e  serial commcnd reee fve r /decode r  
(AlO), t h e  v e r i f i c a t i o n  r e g i s t e r  u n i t  ( A l l ) ,  t h e  macro-d iscre te  colnnand 
g e n e r a t o r  ( A 1 4 ) ,  and se r ia l  d i g i t a l  t e l eme t ry  s e n s i n g  c i r c u i t 8  (A22). The 
t e l r s e t r y  is d e r i v e d  f r o n  a r e s i s t i v e  d i v i d e r  a t  t h e  +9 v o l t  bus as shown in 
Figure  14.7-10. The O V U  moni tor  is v a l i d  i f  e i t h e r  power supply  1 o r  2 i s  0.2 
and should  be w i t h i n  t h e  limits de f ined  i n  Table  14.7-2. 
and 
14.7.1.24 
This  t e l eme t ry  f u n c t i o n  cioni tors  t h e  vo l t age  of t h e  +6.i3S Scan N i r r o r  Asse.aPiB1.y 
(SMA) o u t p u t  of power supply  1. The +6.6 v o l t  o u t p u t  is diode  "or-ed" w i t i t  ttic 
+6.8 v o l t  o u t p u t  of power supply  2 from t h e  S b i l  6 . 8  voltl bus which p rov ides  
power t o  t h e  scan m i r r o r  assembly.  The seremetry v o l t a g e  i s  de r ived  Eroa 9 
v o l t a g e  d i v i d e r  a c r o s s  t h e  ou tpu t  of 6.8 v o l t   upp ply. The telemetry f u n c t i o n  
should  be w i t h i n  t h 2  o p e r a t i n g  range  i f  power supply  #l i s  ON.  The t e l5me t ry  
d e r i v a t i o n  c i r c u i t  appea r s  as F igure  14.7-11 and t h e  o p e r a t i n g  l i m i t i n g  appear  
i n  Table  14.7-2. 
l%wer Supply #l SMA -6.87 Koni tor  (TM-24) --- 
14.7.1.25 Power Supply 81 SMA +27V Noni tor  (TM-25) --- 
This  t e l eme t ry  f u n c t f o n  moni tors  t h e  vo l t age  of t h e  +27V scan  Mi r ro r  Asseubly 
(SMA) o u t p u t  of power supply  #l .  is 
d iode  "or-ed" w i t h  t h e  +27V o u t p u t  of power supply  2 t o  form t h e  SEiA +27V bus  
which provides  power t o  both  scan  mi r ro r  e l e c t r o n i c s  and scan  a n g l e  moni tors .  
The t e l eme t ry  v o l t a g e  is  de r ived  by a r e i s i s t i v e  d i v i d e r  a c r o s s  t h e  +27 v o l t  
bus. Telemetry vo l t age  should  be w i t h i n  t h e  o p e r a t i n g  range  whenever poves 
supply 9 1  i s  ope ra t ing .  The o p e r a t i n g  l i m i t s  appear  i n  Table  14.7-2.  
The SMA +27 v o l t  o u t p u t  of power supply  If1 
14 .7 .1 .25  Power Supply i7l SMA -27V ? ioni tor  fT?i-27) --- 
This  t c l e ine t ry  f u n c t i o n  monitors t h e  -27 volt Scun X i r r o r  ri.sse%obly (SMA] o u t p u t  
of power supply  $1. T h e  -27 v o l t  ou tput  of pouzr  aupply 1 i s  d i o d e  or-ed w i r h  
t h a t  of power supply  2 t o  € o m  t h e  -27 v o l t  SKh bus which provides  power t o  t h e  
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is  de r ived  from a v o l t a g e  d i v i d e s  a t  t h e  -27 v o l t  b u s  and cond i t ioned  by an 
u n l p l i f f e r  The t e l eme t ry  d e r i v s t i o r r  c i r c u i t  appea r s  
as Figure  14.7-12. Opera t ing  l i m i t s  appea r  i n  Tab le  14.7-2. T h i s  t e l e m e t r y  
f u n c t i o n  should  be w i t h i n  t h e  o p e r a t i n g  range when power supply  #l i s  on. 
having  a g a i n  of minus one. 
14.7.1.27 Power Supply  82 SMA 6.8V Monito ('I?+-27) 
-I_-- 
This  t e l eme t ry  f u n c t i o n  mcn i to r s  t h e  4-6.8 v o l t  Scan  Mi r ro r  Assembly (SMA) o u t p u t  
of supply  82. The 4-6.8 v o l t  ou tpu t  of power supp ly  2 is d iode  or-ed w i t h  
t h a t  of  power supply  1 t o  form t h e  SMA +6.8 v o l t  bus  which provides  power t o  t h e  
scan  mi r ro r  e l e c t r o n i c s  and scan a n g l e  monitor c i r c u i t r y .  The t e l eme t ry  vo l t age  
i s  de r ived  froffi t: r e s i s t i v e  d i v i d e r  on t h e  +6.8 v o l t  bus. T h i s  t e l eme t ry  
d e r i v n t i o n  c i r c u i t  appea r s  as F i g u r e  14.7-11. The opera t i i ig  l i m i t s  are l i s t e d  
i n  Table  14.7-2. The t e l eme t ry  vo l t age  should  be i n  range w k n e v e r  power supp ly  
2 is on. 
power 
14.7.1.28 Power Supply 1 2  SMA +27V Monitor  (TM-28) --- 
This  t e l e m e t r y  f u n c t i o n  moni tors  t h e  +27 v o l t  SMA o u t p u t  of  power supp ly  #2 .  
The +27V SMA o u t p u t  of  power supply 2 is d iode  or-ed w i t h  t h a t  of D o w e r  supply  1 
t o  form t h e  SMA +27V bus  which p rov ides  power t b  t h e  s c a n  mi r ro r  e l e c t r o n i c s  and 
scan  ang le  monitor  c i r c u i t r y .  The t e l eme t ry  v o l t a g e  i s  der ived  from a r e s i s t i v e  
d i v i d e r  a t  t h e  +27 v o l t  bus. The te le f f ic t ry  d e r i v e t i o n  c i r c u i t  appears as  F igure  
14.7-12. The o p e r a t i n g  limits are l i s t e d  f n  Table  14.7-2. Th i s  f u n c t i o n  shou ld  
be w i t h i n  o p e r a t i n g  limits whenever power supply  62 i s  on. 
14.7.1.29 Power Supply # Z  SMA -27V Monitor (M-29)  --  ---- I__- 
This  t e l e m e t r y  f u n c t i o n  moni tors  t h e  -27 v o l t  Scan Mir ror  Assembly (SMA) ou tpu t  
of power supply  12. The -27V ou tpu t  of power supply  2 i s  d iode  or-ed w i t h  t h a t  
of power supply  1 t o  form t h e  SMA -27 v o l t  bus  which p rov ides  power t o  t h e  s c a n  
m i  r r o r  e l e c t r o n i c s  and s c a n  ang le  monitor  c i r c u i t r y .  The t e l eme t ry  v o l t a g e  i s  
de r ived  (see F igure  14.7-12) from a v o l t a g e  d i v i d e r  a t  t h e  -27 v o l t  bus  and 
cond i t ioned  by an a m p l i f i e r  ( g a i n  -1). The t e l eme t ry  should  be w i t h i n  t h e  
o p e r a t i n g  range  (see Table  14.1-2) when power supply  #2  i s  on. 
14.7.1.30 Mul t ip l exe r  +30V Monitor (Tlii-30) 
Th i s  t e l eme t ry  f u n c t i o n  monitors  t h e  v o l t a g e  of t h e  m u l t i p l e x e r  (NUX) +3Q v o l t  
bus. The bus  i s  formed by d iode  "or-ing" t h e  +30 v o l t  o u t p u t s  of power s u p p l i e s  
1 and 2 .  The +30V bus provides  a l l  i npu t  power t o  t h e  mux d c  t o  dc c o n v e r t e r .  
The t e l eme t ry  s i g n a l  i s  de r ived  from a r e s i s t i v e  d i v i d e r  a c r o s s  t h e  30 v o l t  
i npu t  2nd i s  cond i t ioned  by s e v e r a l  s t a g e s  3f  a r n p l i f i c e t i o n ,  as shown in Figure  
14.7-13. Tu3 t e l eme t ry  d e r i v a t i o n  c f r c i i f t s  are  prciIiido-6 but- on ly  one Le 
u t i l i z e d .  The t e l e m e t r y  s i g n a l  is v a l i d  i f  t h e  m u l t t p l e s e r  i r  on power si tp?ly 






31 Dacamber 1982 
14.7.1.31 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  c u r r o n t  r e q u i r e d  by the i u u l t i p l e x a r  dc-dc 
c o n v a r t c r .  The t e l e m e t r y  signall I s  d e r i v e d  by r e c t i f y i n g  t h e  a ondnry volltaga 
of E t ~ s n s f o m r  whose p r i m r y  in scrien w i t h  t h e  power s w i t c  3 sf ehe  diode 
c o n v e r t e r  (see F i g u r e  14.7-14) The t e l e m e t r y  signal is v a l i d  when t h a  
m u l t i p l e x e r  is on and shou ld  be w i t h i n  t h e  l i m i t l s  dc fkn td  i n  Tabla  14.7-2. 
H u l t i p l e x e r  I n p u t  Cur ren t  Monitor (211-31) 
14.7.1.32 M u l t i p l e x e r  B i t  Dens i ty  (Ri-32) -
T h i s  t e l e m e t r y  f u n c t i o n  monf tors t h e  ave rage  number of "ones" p e r  word o c c u r r i n g  
in t h e  TM d a t a  ou tpu t .  The f u n c t i o n  is d e r i v e d  as  shown i n  F i g u r e  14.7-15. 
B a s i c a l l y ,  t h e  unencoded d a t e  o u t p u t  of the f o t m a t t e r f m u l t i p l e x e r  d r i v e s  the 
ches  producing unique  o u t p u t s  f o r  t h e  "I" and "0" state .  The f i l t e r  (- 2 
t second t i m e  c o n s t a n t )  t ends  t o  ave rage  t h e  e u t p u t b  The' t c lemeery  f u n c t i o n  
is v a l i d ,  and shou ld  be w i t h i n  t h e  limits d e f i n e d  in Table  14.7-2, when t h e  
m u l t i p l e x e r  is on. 
14.7.1.33 M u l t i p l e x e r  +5V Supply Vol tage  (m-33).  -
The M u l t i p l e x e r  +5 Volt t e l eme t ry  monitors t h e  Analog +5 v o l t  o u t p u t  of t h e  
m u l t i p l e x e r  d c  t o  dc  c o n v e r t e r .  The +5V Analog bus d i s t r i b u t e s  power t o  t h e  
band 1 t o  7 i n p u t  b u f f e r  electronics. The telemetry voftsge is d e r i v e d  Prom a 
r e s i s t i v e  d i v i d e r  a t  t h e  ana log  c5 v c l t  bus. The t e l eme t ry  f u n c t i o n  should  be 
w i t h i r ,  r ange  ( s e e  Tab le  14.7-2) when t h e  m u l t i p l e s e r  Ss on. T h e  telemetry 
d e r J  . a t i o n  c i r c u i t  appea r s  a s  F i g u r e  14.7-12. 
14.7.1.34 M u l t i p l e x e r  + 1 8 V  Supply Vol tage  (TM-34) - -- 
T h i s  t e l e m e t r y  function moni tors  t h e  18.8 vo le  o u t p u t  of t h e  m u l t i p l e x e r  dc  t o  
d c  c o n v e r t e r .  The 4-18 v o l t  bus  p rov ides  power t o  t h e  Band L through 7 t r a c k  and 
hold c i r c u i t s ,  t h e  ana log  m u l t i p l e x e r ,  and t o  t h e  timing and t e l e m e t r y  o u t p u t  
buf fers .  T h e  t e l e m e t r y  s i g n a l  is d e r i v e d  from a v o l t a g e  d i v i d e r  on t h e  +18.8 
v o l t  bus. The s c a l e d  v o l t a g e  from t h e  d i v i d e r  is cond i t loned  by a u n i t y  g e i n  
a m p l i f i e r .  The d e r i a t i o i t  c i r c u i t  appea r s  i n  Figure  3.4.7.3-17. The t e l e m e t r y  
Euncrion shou ld  be w i t h i n  l i m i t s  (see  T a b l e  4.7-2) when %he m u l t i p l e x e r  i s  on. 
14.7.1.35 MultipLexer -3V Supply V o l t a p  (TM-35) -
This  t e l e m e t r y  f u n c t i o n  moni tors  t h e  -2.3 v o l t  ou tpu t  of khe m u l t i p l e x e i  d c  t o  
d c  c o n v e r t e r .  The -2.3 v o l t  b u s  is d i s t r i b u t e d  t o  a l l  t w l t i p l e x e r  subassembl ies  
excep t  t h e  o s c i l l a t o r  (HS08) and powers ECL c i r c u i t s .  The t e l e m e t r y  s i g n a l  is 
der ived  from t he  -2.3 v o l t  bus using s n  a m p l i f i e r  t o  scale  t h e  v o l t a g e  and 
impedniice match t h e  iiIU i npu t .  T h r  d e r i v a t i o n  c i r c u $ c  appea r s  in F i g u r e  
14.7-18. The -2.3 v u l t  s h o u l d  be w i e h l n  the o p e r a t i n g  ibmif:z dcgfncd i n  Table 
14 .7 -2  when rhr m u l t t p l e x e i  is on. 
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14.7.1.36 M u l t i p l e x e r  -5V Supply Voltage (Ri-36)  
T h i s  t e l e m e t r y  f u n c t i o n  mon i to r s  t h e  --9;lta5e of t h e  -5 v o l t  dl. 
t h e  n d t f p l e x e r  dc  t o  d; c o n v e r t e r .  
i n  t h e  m u l t i p l e x e r  and i s  d i s t r i b u t e d  t o  e v e r y  subessessbly. The t e l e n e t r y  
v o l t a g e  is  d e r i v e d  from t h e  -5.2 v o l t  bus and is s c a l e d ,  u s i n g  a n  o p e r a e i o n a l  
a m p l i f i e r  t o  be compa t ib l e  w i t h  t h e  R I U .  The t e l eme t ry  d e r i v a t i o n  c i r c u i t  
appea r s  i n  F i g u r e  14.7-19. The -5 v o l t  monitor  shou ld  be w i t h i n  t h e  o p e r a t i n g  
range d e f i n e d  i n  Tab le  14.7-2 whenever t h e  m u l t i p l e x e r  i s  on. 
The -5V v o l t  liulp powers d l  
14.7.1.37 M u l t i p l e x e r  -15V Supply Voltage (TM-37)  
This  t e l e m e t r y  f u n c t i o n  s o n i t o r s  t h e  -13 v o l t  o u t p u t  of t h e  m u l t i p l e x e r  dc  t o  d c  
c o n v e r t e r .  The -13 v o l t  bus i s  d i s t r i b u t e d  t o  t h e  band 1 to  7 e l e c t r o n i c s  where 
i t  The t e l e m e t r y  v o l t a g e  
is der ived  from t h e  -13 v o l t  bus u s i n g  a n  a m p l i f i e r  t o  scale t h e  v o l t a g e  l e v e l  
and iupedence match t h e  R L U .  The t a l e m e t r y  d e r i v a t i o n  c i r c u i t  appea r s  i n  F i g u r e  
14-7-20. The t e l e m e t r y  moiutor  shou ld  be w i t h i n  t h e  l i m i t s  de f ined  i n  Tab le  
14.7-2 when t h e  m u l t i p l e x e r  is on. 
p rov ides  power f o r  t h e  A/D v o l t a g e  r e f e r e n c e  c i r e u t t .  
14.7.1.38 Band 1 A/D Reference Voltage (TM-38) 
T h i s  t e l e m e t r y  monitors  the output: of t h e  Band 1 A h  referelice vol tage 
g e n e r a t o r .  The 2 v o l t  o u t p u t  is used as tfie comparisori v o l t a g e  f o r  A I D  
conve r s ion  (225 c o u n t s  = 2 v o l t s ) .  T h e  t e l e a e t r y  voltwge is d e r i v e d  bv sacsing 
d i r e c t l y ,  t h r u  c u r r e a t  1 f d r i r . g  r e s i s t o r s  t k  r e f e r e n c e  volrage bus. The 
t e l eme t ry  d e r i v a t i o n  c i r c u i t  appea r s  as F i g u r e  14.7-21. The r e f e r e n c e  vo l tage  is 
d e r i v e d  u s i n g  t h e  25.2 v o l t  ana log  and -13 v o l t  o u t p u t s  of t h e  m u l t i p l e x e r  dc  t o  
dc  c o n v e r t e r  and hence t h e  t e l e m e t r y  monitor  shou ld  be w i t h i n  o p e m t i n g  l i m i t s  
(see Table  14.7-2) when t h e  m u l t i p l e x e r  i s  on. 
14.7.1.39 Band 2 A/D r e f e r e n c e  Voltage (TH-39) --- 
Thio t e l cn ie t ty  u o n i t o r s  t h e  o u t p u t  o f  t h e  Bond 2 A/D r e f e r e n c e  v o l t a g e  
g e n e r e t o r .  The 2 v o l t  o u t p u t  is used as t he  corcpiirivon v o l t a g e  for  A / D  
conve r s ion  (225 c o u n t s  - 2 v o l t s ) .  The telemetry vo l t age  i s  d e r i v e d  by s e n s i n g  
d i r e c t l y ,  through c u r r e n t  l i m i t i n g  r e s i s t o r s ,  t h e  r e f e r e n c e  v o l t a g e  bus.  The 
t e l e m e t r y  d e r i v a t i o n  c i r c u i t  appea r s  as F i g u r e  14.7-21. The r e f e r e n c e  v o l t a g e  i s  
d e r i v e d  us ing  t h e  25.2 v o l t  analog and -13 v o l t  o u t p u t s  of t h e  n u l t i p l e x e r  d c  t o  
dc c o n v e r t e r  and hence t h e  t e l eme t ry  n o n i t o r  should be w i t h i n  o p e r a t i n g  l i m i t s  
( s e e  Table 14.7-2) when t h e  m u l t i p l e x e r  is  on. 
14.7.1.40 
T h i s  t e l e m e t r y  monitors t h e  odeput of the E a n d  3 A/D r e f e r e n c e  vaitfige 
g e n e r a t o r .  The 2 v o l t  ou tpu t  is  used as t h e  comparison v o l t a g e  f o r  A / D  
conver s ion  (225  c o u n t s  = 2 v o l t s ) .  The t e l eme t ry  v o l t a g e  is d e r i v e d  by s e n s i n g  
d i r e c t l y ,  through c u r r e n t  l i m i t i n g  r e s i s t o r s ,  t h e  r e f e r e n c e  v o l t a g e  bus.  The 
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t e l eme t ry  d e r i v a t i o n  c i r c u i t  appea r s  as F igure  lh .7-21* The r e f e r e n c e  v o l t a g e  is 
d e r i v e d  u s i n g  t h e  4-5.2 v o l t  ana log  and -13 v o l t  o u t p u t s  of t h e  m u l t i p l e x e r  d c  t o  
d c  c o n v e r t e r  and h&ce t h e  t e l eme t ry  monitor  should  be w i t h i n  o p e r a t t n g  
(see T a b l e  14.7-2) when the m u l t i p l e x e r  is on. . 
1 4 . 7 . 1 . 4 1  
T h i s  t e l e m e t r y  moni tors  t h e  ou tpu t  of t h e  Band 4 A/D r e f e r e n c e  v o l t a g e  
gene ra to r .  The 2 v o l t  o u t p u t  i s  used as t h e  comparison v o l t a g e  f o r  A/D 
convers ion  ( 2 2 5  c o u n t s  = 2 v o l t s ) .  The t e l eme t ry  vo l t age  is  der ived  by s e n s i n g  
d i r e c t l y ,  through c u r r e n t  l i m i t i n g  r e s i s t o r s ,  t h e  r e f e r e n c e  v o l t a g e  bus. The 
t e l eme t ry  d e r i v a t i o n  c i r c u i t  appears  a@ Figure  1 4 . 7 - 2 1 .  The r e f e r e n c e  v o l t a g e  is  
derlver?  u s i n g  t h e  2 5 . 2  v o l t  ana log  and -13 v o l t  o u t p u t s  of t h e  m u l t i p l e x e r  d c  t o  
d c  c o n v e r t e r  and hence t h e  t e l eme t ry  monitor  should  be w i t h i n  o p e r a t i n g  l i m i t s  
( s e e  Cable  1 4 . 7 - 2 )  when t h e  m u l t i p l e x e r  i s  on. 
1 4 . 7 . 1 . 4 2  
This  t e l eme t ry  moni tors  t h e  ou tpu t  of t h e  Band 5 A/D r e f e r e n c e  v o l t a g e  
g e n e r a t o r .  The 2 v o l t  o u t p u t  i s  used as t h e  comparison v o l t a g e  f o r  A I D  
convers ion  ( 2 2 5  c o u n t s  2 v o l t s ) .  The t e l eme t ry  vo l t age  is der ived  by sens ing  
d i r e c t l y ,  through c u r r e n t  l i m i t i n g  r e s i s t o r s ,  t h e  r e f e r e n c e  v o l t a g e  bus. The 
t e l eme t ry  d e r i v a t i o n  c i r c u i t  appea r s  as Figcre 1 4 . 7 - 2 1 ,  The r e f e r e n c e  voitclge is 
de r ived  us ing  t h e  4-5.2 v o l t  analog, 2nd -13 v o l t  o u t p u t s  of the m u l t i p l e x e r  d c  t o  
d c  c o n v e r t e r  and h%ce t h e  telcoetry moxitor  ohauld be w i t h i : i  o p e r a t i n g .  L i m i t s  
( s e e  Table  1 4 . 7 - 2 )  when t h e  nvlt iplcxer i s  on. Tne Ban3 6 A/D convers ions  are 
performed by t h e  Band 5 A/D conuertnr .  
l i m i t a  
Band 4 A / D  Reference  Voltage (TM-41) --- 
Band 5 A/D Reference  Voltage (TM-42) --- 
1 4 . 7 . 1 . 4 3  Band ? A/D Reference Voltage (I’M-43) --- 
T h i s  t e l eme t ry  moni tors  t h e  ou tpu t  of t h e  Band 7 A/D r e f e r e n c e  v o l t a g e  
g e n e r a t o r .  The 2 v o l t  o u t p u t  is  used a s  t h e  comparison v o l t a g e  f o r  A/D 
convers fon  ( 2 2 5  c o u n t s  * 2 v o l t s ) .  The telemetry vo l t age  is der ived  by s e n s i n g  
d i r e c t l y ,  through c u r r e n t  l i m i t i n g  r e s i s t o r s ,  t h e  reference vo l t age  bus. The 
t e l eme t ry  d e r i v a t i o n  c i r c u i t  appears  as F igure  1 4 . 7 - 2 1 .  The r e f e r e n c e  v o l t a g e  i s  
de r ived  us ing  t h e  2 5 . 2  v o l t  ana log  and -13  v o l t  o u t p u t s  of t h e  m u l t i p l e x e r  d c  t o  
dc c o n v e r t e r  and hcnce t h e  t e l eme t ry  monitor  should be w i t h i n  o p e r a t i n g  l i m i t s  
( s e e  Table  1 4 . 7 - 2 )  when t h e  m u l t i p l e x e r  i s  on. 
1 4 . 7 . 1 . 4 4  SLC 1 Drive Cur ren t  (TM-44)  
--__I 
This  t e l eme t ry  f u n c t i o n  moni tors  t h e  c u r r e n t  i,i t h e  Scan Line  Cor rec to r  (SLC) 
motor r e t u r n  t o  SLC #1 e l e c t r o n i c e .  The telemetry is der ived  by sens ing  t h e  
vo l t age  d r o p  a c r o s s  A 1 ohm r e s f s t o r  F n  t h e  mutor r e t u r n  l i n e .  The voPtirgc d r o p  
is sca led  and o f f s e t  by a opera t iopa l  ampltfier. The t e l eme t ry  dcrivction 
c i r c u i t  appears 89 Figure  1 4 . 7 - 2 2 .  The SLC iil c u r r e n t  sIiouP6 be w i t h t r  f t o  
o p e r e r i q  range ( s e e  Table  1 4 . 7 - 2 )  when scan l i n e  c o r r e c t o r  1 i s  on. 
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1 4 . 7 . 1 - 4 5  
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  c\irrent in t h e  Scan Line? Corrcctor (SLC) 
motor r e t u r n  t o  SLC 82 e l e c t r o n i c s .  The t e l e m e t r y  is d e r i v e d  by w n s i n g  the 
v o l t a g e  d r o p  ac to86  a. 1 ohm r e s i s t o r  i n  the motor r e t u r n  l i n e .  Tn@ v o l t a g e  d r o p  
1.8 s c a l e d  and o f f s e t  by an o p e r a t i o n a l  a m p l i f i e r .  The telemettf 3 e r i v a t i a n  
c i r c u i t  a p p e a r s  as F i g u r e  1 4 . 7 - 2 2 .  The SLC 82  c u r r e n t  shou ld  be d t h i n  i t s  
o p e r a t i n g  range  (see T a b l e  1 4 . 7 - 2 )  when scan line cor rec . to r  2 is on. 
14.7.1.46 SLC #I +15V Vol t  Monitor (TM-46) 
This  t e l e m e t r y  f u n c t i o n  mon i to r s  the combined d e v i a t i o n  o f  t h e  p l u s  and minus 15 
v o l t  c f g n a l  buses a s s o c f a t e d  w i t h  $can l i n e  corrector (SLC) e l e c t r o n i c s  # l e  The 
t e l e m e t r y  s i g n a l  is d e r i v e d  from a r e s i s t i v e  d i v i d e r  from the p l u s  t o  mfnue 1 5  
v o l t  s i g n a l  b u s  a a  shown in Figure  14.7-22. A change i n  t e l e m e t r y  v o l t a g e  
i n d i c a t e s  a change i n  e i t h e r  t h e  +15 o r  -15 v o l t  buses  or both .  The t e l eme t ry  
s i g n a l  is a lways  v a l i d  and should  be w i t h i n  t h e  l i m i t s  de€ ined  i n  Tab le  1 4 . 7 - 2  
when SLC I1 f s  ON. 
- SLC - 2 --- Drive  Cur ren t  (3. SS} 
I_-II- 
1 4 . 7 . 1 . 4 7  SLC # L  4-5 Vol t  Monitor (TM-47) 
T h i s  telec;ef.ry f u n c t i o n  mon l t c r s  t h e  s c a n  l i n e  c o r r e c t o r  (SLC) 81 4-5 v o l t  
The +5 v o l t  bus  is d e r i v e d  Prom t h e  TM +8 v o l t  bus. The t e l e n e t r y  s i g x l d  f u  
der ived  from a r e s i s t i v e  d i v i d e r  os shown in Flgure  14.7-24. The t e l e m e t r y  
s i g n a l  I s  olwsys v a l i d  und should  be within the  operating l i m i t s  d e f i n e d  i n  
Table  14.7-2 when SLC $1 l a  @N. 
1 4  7 . 1 . 4 8  SLC #2  +15V Vol t  Monitor (Ti+-48) 
This telemetry furict ion moni tors  t h e  combined d e v i a t i o n  of t h e  p l u s  and minus 15 
v o l t  s i g n a l  buses  a s s o c i a t e d  w i t h  s c a n  l i n e  c o r r e c t o r  (SLC) e l e c t r o n i c s  1 2 .  The 
t e l eme t ry  s i g n a l  is der ived  from a r e s i s t i v e  d i v i d e r  from t h e  p l u s  t o  minus 15 
v o l t  s i g n a l  bus as shown in Figure  1 4 . 7 - 2 3 .  A change i n  t E ? l e m e t K Y  volt l ige 
i n d i c e t e e  a change in e i t h e r  t h e  +15 o r  -15 v o l t  buses  o c  both. The t e l e m e t r y  
s i g n a l  is a lways  v a l i d  and should  be w i t h i n  t h e  l i m i t s  de f ined  in 14.7-2 




Tab le  
14.7.1.49 SLC # 2  +5V V o l t  Monitor ('I'M-49) 
This t e l e m e t t y  f u n c t f o n  moni tors  t h e  s c a n  line c o r r e c t o r  (SLC) 8 2  9 5  v o l t  bus. 
The +5 v o l t  bus is  d e r i v e d  from t h e  TM +8 v o l t  bus.  The t e l eme t ry  s i g n a l  i s  
derived from R r e s i s t i v e  d i v i d e r  os shown in Figure 1 4 . 7 - 2 4 .  The t e l eme t ry  
s i g n a l  i s  a lways  v a l i d  and should be w i t h i n  the operat ing  l i ~ f t s  d e f i n e d  in 
T a b l e  14.7-2 when SLC 1 2  i a  ON. 
---- 
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14.7.1.50 C a l i b r a t i o n  &- - 1 Cur ren t  Monitor (M-50) --
T h i s  telemetry f u n c t i o n  moni tors  t h e  c u r r e n t  f lowfag in t h e  c a l i b r a t i o n  lamp 
r e t u r n  c i r c u i t .  
In t h e  normal mode, t h e  lamp is oh u n l e s s  tu rned  off by t h e  aeqzencor  atid i t  
o u t p u t  is c o n t r o l l e d  by a l i g h t  s e n s i t i v e  diode i n  t h e  feedback loop. Pn t h e  
back-up made, t h e  lamp is c o n t r o l l e d  by command and i t s  ou tpu t  i s  not  a c t i v e l y  
c o n t r o l l e d .  The telemetry vo l t age  is der ived  from a resistor f n  t h e  lamp r e t u r n  
pa th .  The v o l t a g e  is s c a l e d  by r e s i s t i v e  d i v f d e r  and t h e  ou tpu t  fs p r o t e c t e d  by 
back-to-back c u r r e n t  l i m i t i n g  d iodes .  The t e l eme t ry  d e r i v a t i o n  c i r c u i t  appears  
as  F igure  14.7-25. The c a l i b r a t i o n  lalnp has s e v e r a l  o p e r a t i n g  modes. The l i m i t s  
f o r  t h o s e  modes appea r s  in Table  14.7-2. 
Each c a l f b r a t L o n  lamp c a n  cperate in a normal o r  backup m d e .  
14.?.1.51 
Th i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  c u r r e n t  €lowit% i n  t h e  c a l i b r a t i o n  lamp 
r e t u r n  c i r c u f t .  Each c a l i b r a t i o n  lamp can  o p e r a t e  in a normal or bockup mode. 
In t h e  normal mode, t h e  lamp fs on u n l e s s  tu rned  o f f  by t h e  sequencer  and i t s  
ou tpu t  is c o n t r o l l e d  by o l i g h t  s e n s i t i v e  d iode  in t h e  feed  back loop.  In t h e  
back-up mode, t h e  lamp is c o n t r o l l e d  by command and i t s  output  is not a c t i v e l y  
c o n t r o l l e d .  The t e l e m e t r y  vo l t age  is der ived  from a r e s i s t o r  i n  t h e  lamp ree l i tn  
path.  The vo l t age  is s c a l e d  by resistive d i v t d c r  arid t h e  output  is p r o t e c t e d  
back-to-back c u r r e n t  l i m i t i n g  d iodes .  The telemetry d e r f v a t i o n  c?.rcui t  fippelirs 
8s  Figure  1 4 . 7 - 2 5 .  The c a l i b r a t i o n  lamp has several  Opetatt i lf :  iZOdeS*  'The l f m f t s  
f o r  those  modes appears i n  Table  1 4 . 7 - 2 .  
C a l i b r a t i o n  Lamp 2 Current  Monitor (T!.1-51) 
14 .7 .1 .52  C a l f b r u t i o n  t.my - 1 Current  k!oniror (TM-52) 
T h i s  telemetry f u n c t i o n  monitors  t h e  c u r r e n t  fiowiw in t h e  c a l i b r a t i o n  lamp 
r e t u r n  c i r c u i t .  Each c a l i b r a t i o n  lamp can  o p e r a t e  i n  a normal o r  backup mode. 
In t h e  normal mode, t h e  lamp f a  on u n l e s s  tu rned  o f f  by t h e  sequencer  and i ts  
output  is c o n t r o l l e d  by a l i g h t  s e n s i t i v e  d iode  i n  t h e  Feed bock loop. In t h c  
back-up mode, t h e  lamp i s  c o n t r o l l e d  by commsnd and i t s  ou tpu t  is not a c t i v e l y  
co t : t ro l led .  The t e l eme t ry  vol tnge  i s  de r ived  from a r e s i s t o r  i n  t h e  lamp r e t u r n  
pa th .  The vo l t age  1s sca l ed  by r e s i s t i v e  d i v i d e r  nnd t h e  ou tpu t  is p r o t e c t e d  
back-to-beck c u r r e n t  l i m i t i n g  dtodes.  T h e  t e l eme t ry  d e r i v a t i o n  c i r c u i t  appears  
as  Figure  1 4 . 7 - 2 5 .  The c a l i b r a t i o n  lamp has  s e v e r a l  o p e r a t i n g  modes. T h e  l i m i t s  
f o r  t h o s e  modes appea r s  I n  Table  14 .7 -2 .  
-- 
1 4 . 7 . 1 . 5 3  Blackbody fieater -- -- C u r r e n t  Monitor (TM-53)  
____I_ 
This  telemetrv Funce t o n  monitors  the c u r r e n t  drown by t h e  i n t e r n a l  c a l i b r a t i o n  
blackbody hcncer .  The bttickbody is 8 contc t l l  c a v f t y  which Is c o n t r o l l e d  a t  o n e  
of t h r e e  s e l e c t a b l e  tc inpcrnturen.  T h t s  coirrrol  is obtalii*.?d by us ing  :I 
t h e r m i s t o r  .an t h e  feedback element. The t h e m t s t o t -  d e r i v e d  v o l e a g @  is compared 
a g a i n s t  one O F  t h r e e  s e t  po in t  voltciges and t h e  d i f f e r e n c e  vo l t age  used t o  
c o n t r o l  t h e  c u r r e n t  through t h e  7 5  ohm t e s i s t l v e  h e a t e r .  I n  the normal 
o p e r a t i n g  mode t h e  h e n t r r  power t s  p r o p o r t i o n a l  t o  the tempera ture  d t  Fference .  
LSD-XPC-16 3 
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I n  t h e  backup mode c o n s t a n t  v o l t a g e  is  a p p l i e d  t o  t h e  h e a t e r .  
The t e l e m e t r y  v o l t a g e  is d e r i v e 2  from a r e s i s t o r  in t h e  h e a t e r  r e t u r n  pa th .  The 
v o l t s g e  d r o p  is scaicd by an o p e r a t i o n a l  aEp l f . f i e r .  The t e l eme t ry  c i r c u i t  is 
p r o t e c t e d  by back-to-back c u r r e n t  l i m i t i n g  d iodes .  The t e l e m e t r y  derivation 
c i r c u i t  appea r s  i n  F i g u r e  14.7-26. The o p e r a t i n g  c u r r e n t  l i m i t s  are mode 
dependent and appea r  i n  T a b l e  14.7-2. 
14.7.1.54 B a f f l e  Heater Cur ren t  Monitor (TM-54) 
-.^__ 
T h i s  telemetry f u n c t i o n  mon i to r s  the c u r r e n t  f lowing  i n  the baf l ' l e  h e a t e r .  The 
h e a t e r  i s  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  36 ohm r e s i s t i v e  h e a t e r  l o c a t e d  on t h e  
c e n t r a l  b a f f l e  of t h e  t e l e scope .  The h e a t e r  has two modes of o p e r a t i o n  when 
enabled .  Pn t h e  normal mode, t h e  b s f f l e  t empera tu re  is monitored by a 
t h e r m i s t o r  whose v o l t a g e  is  compared t o  a p r e s e t  v a l u e  e q u i v a l e n t  t o  26.6OC. If  
t h e  t empera tu re  is l ess  t h a n  t h e  s e t  p o i n t ,  t h e  comparator " tu rna  on" the 
hea te r .  I n  t h e  back-up mode t h e  h e a t e r  i s  c o n t i n u a l l y  powered a t  abou t  1.4 
watts. B a f f l e  h e a t e r  c u r r e n t  t e l e m e t r y  is d e r i v e d  from a resistor i n  the  heater 
r e t u r n  l i n e .  The v o l t a g e  d r o p  a c r o s s  t h e  resistor is  s c a l e d  by a o p e r a t i o n a l  
a m p l i f i e r .  The t e l e m t r r y  o u t p u t  i s  p r o t e c t e d  by back-to-back c u r r e n t  l i m i t i n g  
d iodes .  The t e l e m e t r y  d e r i v a t i o n  c i r c u i t  appea r s  i n  F igu re  14.7-27. The h e a t e r  
c u r r e n t  shou ld  be w i t h i n  t k e  = d a l l y  determined l i m i t s  de f ined  i n  Tab le  14.7-2. 
The bafl'le h e a t e r  c u r r e n t  w n i t r r  is valLd when t h e  b a f f l e  h e a t e r  c o n t r o l  i s  on. 
14.7.1.55 
Th i s  t e l e rce t ry  f u n c t i o n  m n i t o r s  the c u f r e n t  f l owing  i n  t h e  Cold S tage  Heater. 
The h e a t e r  has  t h r e e  o p e r a t i o n a l  modes: OFF, BACKUP, and OUTGAS. When t h e  
ou tgas  h e a t e r  is  OFF, no c u r r e n t  f lows  i n  t h e  h e a t e r .  I n  t h e  OUTGAS mode t h e  
h e a t e r  i s  powered from t h e  80 v o l t  bus  and t h e  c o l d  s t a g e  t empera tu re  is 
c o n t r o l l e d  a t  approximate ly  20°C. I n  t h e  BACK UP mode t h e  heater is  powered bv 
15 v o l t s  which i s  d e r i v e d  from t h e  +19 v o l t  bus and t h e  c o l d  s t a g e  t empera tu re  
i s  c o n t r o l l e d  a t  105' Kelvin .  The t e l eme t ry  s i g n a l  is  der ived  by s e n s i n g  the 
v o l t a g e  drop  a c r o s s  a r e s i s t o r  in t h e  h e a t e r  r e t u r n  l i n e .  The v o l t a g e  is s c a l e d  
as st.own in Figure  14.7-28 t o  be compat ib le  w i t h  t h e  t e l eme t ry  system. The 
c u r r e n t  t e l e m e t r y  i s  v a l i d  when t h e  c o n t r o l l e r  i s  f a  t h e  OUTGAS o r  BACKUP mode 
and shou ld  be w i t h i n  t h e  l i m i t s  d e f i n e d  i n  Tab le  14.7-2. 
Cold S tage  Beater Cur ren t  PIonitor (TH-55) - --_I_-__-._- 
14.7.1.56 Inchworm b l  P o s i t i o n  Monitor ( M - 5 4 )  
This  t e l eme t ry  f u n c t i o n  mon i to r s  t h e  p o s i t i o n  of inchworm 81. Three  
spne t r i c a l l y  l o c a t e d  inchworms c o n t r o l  t h e  position of the s p h e r i c a l  e lement  of 
t h e  r e l a y  o p t i c s  ( i .e . ,  t h e  f o c u s  and a l ignment  of t h e  co ld  f o c a l  p l a n  t o  t h e  
p r i m r y  focal p lane ) .  Three  L inea r  Yariable DiffcrentiaL 'T rar~sfamrrs  (LVDT"s) 
monitor t h e  r e l a t i v e  p o s i t i o n s  of the  tnchwnrms. The  t e l e m l r y  signal. is  
der ived  us*nq a n  LVCT and  c o n d i t i o n i n g  i t s  0ilLput as  shown i n  F igu re  14.7-29. 
The  t e l e m e t r y  signal i s  v a l i d  when t h e  LVDT's are ON. The inchworms should  
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14.7.1.57 
T h i a  telemetry f u n c t i o n  mon i to r s  the Dosi t ion of 
Inchworm e P o s i t i o n  Hon i to r  (m-57) 
E+z%: t: r ic 81 ly i v c e t  ed 
the r e l a y  o p t i c s  (i 
prirrnry f o c a l  p l ane ) .  
inchworn 02. Three  
i r tchwo~aa  c o n t r o l  t h e  p o s i t i o n  of t h e  s p h e r i c a l  e lement  o f  
. e . ,  t h e  f o c u s  and eligninent of t h e  c o l d  f o c a l  p l a n e  to the 
Three  L i n e a r  V a r i a b l e  D i f f e r e n t i a l  Tranaforrnars (LVDT’s) 
moni to r  the r e l a t i v e  p o s i t i o n s  of the inchworms. The t e l e m e t r y  s i g n a l  i s  
d e r i v e d  u s i n g  a n  LVDT and c o n d i t i o n i n g  its o u t p u t  as shown in 
The t e l e m e t r y  s i g n a l  i s  v a l i d  when t h e  LVDT’s are ON. The inchworms shou ld  
remain i n  p o s i t i o n  u n l e s s  commanded t o  m v e .  
F i g u r e  14.7-29. 
14.7 -1.58 Inchworn 113 P o s i t i o n  Monitor (m-58) - - 
T h i s  t e l e u e t r y  f u n c t i o n  moni tors  t h e  p o s i t i o n  of inchworm 1 3 .  Three  
-m~etricallg l o c a t e d  inchworms c o n t r o l  the p o s i t i o n  of  t h e  s p h e r i c a l  e lement  of 
t h e  r e l a y  o p t i c s  ( i .e. ,  t h e  f o c u s  and a l ignment  of t h e  co ld  f o c a l  p l a n e  t o  t h e  
primary f o c a l  ? l ane )  T h r e e  L i n e a r  Variable D i f f e r e n t i a l  Transformers  (LVDT-8) 
mon i to r  t h e  r e l a t i v e  p o s i t i o n s  of t h e  inchworms. The t e l e m e t r y  s i g n a l  is 
d e r i v e d  u s i n g  a n  LVPT w d  c o n d i t i o n i n g  i t s  o u t p u t  as shown i n  
The t e l e m e t r y  s i g n a l  is v e i i d  when t h e  LVDT’s are  ON. The inchworms shou ld  
rrmain i n  p o s i t i o n  u n l e s s  commanded t o  move. 
14.7.1.59 Blackbody Temperature pfonitor (M-59) 
T h i s  f u n c t i o n  moni tors  t h e  t empera tu re  o f  t he  Band 6 c a l i b r a t i o n  blackbody. The 
t e l c m e t r y  i s  der ived  from a t h e r m i s t o r  mounted on  t h e  blackbody. The t h e r m i s t o r  
is used Ln a v o l t a g e  d i v i d e r  as shown i n  F igu re  14.7-30. T h e  d f v f d e r  ou tpn t  is 
s c a l e d  by a n  o p e r a t i o n a l  a m p l i f i e r .  The t empera tu re  of t h e  blackbody is  
c o n t r o l l e d  a t  one of three set p o i n t s  ( 2 f + * ,  30°, o r  35OC). The t e l e m e t r y  mon i to t  
i s  v a l i d  when t h e  Telemet ry  s c a l i n g  c i r c u i t  i s  on and should  be w i t h i n  t h e  
l i m i t s  de f ined  i n  Tab le  14.7-2. 
F i g u r e  14.7-29. 
14.7.1.60 
T h i s  t e l eme t ry  f u n c t i o n  monl tors  t h e  t empera tu re  of t h e  prime foc i i l  p lane .  The 
6 4  d e t e c t o r s  of bands 1 through 4 are mounted t o  t h i s  f o c a l  p lane .  The 
t empera tu re  t e l e m e t r y  i s  der ived  from a t h e r m i s t o r  l oca t ed  on  t h e  band 3 even- 
channel  pre-amp assembly. The t h e r m i s t o r  is used i n  a v o l t a g e  d i v i d e r  c i r c u i t  
and s c a l e d  us ing  an o p e r a t i o n a l  a m p l i f i e r  as shown i n  F igu re  14.2-31.  The 
S i l i c o n  Foca l  P l ane  t empera tu re  t e l eme t ry  i s  v a l i d  when t h e  Telemetry S c a l i n g  
C i r c u i t s  are on, And shou ld  be w i t h i n  t h e  l i m i t  shown i n  Table  14.7-2. 
14.7.1.61 C a l i b r a t i o n  S h u t t e r  Temperature Monfter (11.4-61) 
T h i s  t e l eme t ry  f u n c t i o n  moni tors  t h e  tempera ture  of the calf  bra t i on  s h r t t t e r .  
Ti12 t e l e m e t r y  I s  d e r i v e d  f r o =  a thermistor loca ted  on t h e  ca lLbra t ion  s h u t t e r  
vane. T h i o  t h e r m i s t o r  is a l s o  used t o  g e n e r a t e  t h e  ban4 6 d c  r e s t o r e  r e f e r e n c e  
s i g n a l .  The t h e r m i s t o r  i s  u t i l i z e d  i n  a v o l t a g e  d i v i d e r  a5  shown i n  Ffgure  
S i l i c o n  Foca l  P lane  Temperature Monitor (1%-60) 
-II-___- 
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14.7-32. The o u t p u t  of t h e  d i v i d e r  is o f f s e t  and s c a l e d  by an o p e r a t i o n a l  
a m p l i f i e r .  The t e l e m e t r y  o u t p u t  i s  v a l i d  when t h e  d c  r e s t o r e  c i r c u i t r y  is 
pcvercd, and t h e  o u t p u t  shou ld  be v i t h i n  t h e  o p e r a t i  l i n i t s  d e f i n e d  i n  Table 
14.7-2 . 
16.7 .2 .1 .62  Back-up S h u t t e r  Temperature Monitor (TM-62) 
This  t e l e m e t r y  f u n c t i o n  mon i to r s  t h e  t empera tu re  o€ t h e  back-up s h u t t e r  f l a g .  
The f l a g  i s  "viewed" by t h e  d e t e c t o r s  d u r i n g  d c  r e s t o r e ,  and hence i t s  
t empera tu re  de t e rmines  t h e  d c  r e s t o r e  l e v e l  f o r  bend 6 .  The s h u t t e r  t emper? tu re  
t e l e m e t r y  i s  d e r i v e d  from a t h e r m i s t o r  mounted on t h e  back-up s h u t t e r  f l a g .  The 
t h e r m i s t o r  is used i n  a v o l t a g e  d i v i d e r  a s  shown i n  F i g u r e  14.7-32. The d i v i d e r  
output: is  s c a l e d  by a n  o p e r a t i o n a l  a m p l i f i e r .  The s h u t t e r  t empera tu re  t e l e m e t r y  
is v a l i d  when d c  r e s t o r e  i s  on and shou ld  be w i t h i n  t h e  o p e r a t i n g  l i m i t s  d e f i n e d  
i n  T6ble 14.7-2.  
14 .7 .1 .63  Cold S t a g e  Temperature A Monitor (TM-63) -- -- 
This  t e l e m e t r y  € u n c t i o n  mon i to r s  t h e  t empera tu re  of t h e  i n n e r  o r  c o l d  s t a g e  of 
t h e  r a d i a t i v e  c(3oler.  S i n c e  t h e  c o o l e r  ope races  ove r  a wide t empera tu re  r ange ,  
two t e l e m e t r y  monitors  are provided.  The c o l d  s t a g e  t empera tu re  monitor  A 
( c o l d )  p r o v i d e s  i n c r e a s e d  r e s o l u t i o n  over t h e  range 75' Kclvin t o  i.25' 
Temperature t c l e a e t r y  i s  d e r i v e d  u s i n g  a Plat inum Rea i s rance  Thermometer (PRT) 
i n  a v o l t a g e  d i v i d e r  c o n f i g u r a t i o n .  f c r  
t h e  c o l d  s t a g e  t empera tu re  cousi:rol loop i n  a d d i t i o n  t o  b o t h  t empera tu re  
moai tors .  The v o l t a g e  d i v i d e r  o u t p u t  is scaled by a n  o p e r a t i o n a l  amplifier as 
shown i n  F igu re  14.7-33. The c o l d  s w g e  t e u p e r a t u r e s  a r e  v a l i d  what t h e  co ld  
Ke lv in .  . 
The PRT is used a s  t h e  s e n s i n g  e l e n e n t  
s t a g e  h e a t e r  i s  enabled and shou ld  be w i t h i n  t h e  o p e r a t i n g  range shown in Table 
14.7-2.  
14 .7 .1 .64  Cold S tage  Temperature B Monitor (TM-64) - 
T h i s  t e l e m e t r y  f u n c t i o n  mon i to r s  tlie t e q p e r a t u r e  of t h e  i n n e r  ( c o l d )  s t a g e  of 
the r a d i a t i v e  c o o l e r .  S i n c e  t h e  c o o l e r  opers:es ove r  a l a r g e  t empera tu re  r ange ,  
two t e l e m e t r y  f u n c t i o n s  are u t i l i z e d  t o  provide t h e  r equ i r ed  r e s o l u t i o n  and 
range. A s i n g l e  Plat inum R e s i s t a n c e  Thermometer (PRT) i s  used as t h e  
temperature  s e n s i n g  element f o r  t he rma l  c o n t r o l  of t h e  c o l d  s t a g e  as w e l l  as t h e  
two t empera tu re  t e l e m e t r y  mor.itors. T h e  t e l e m e t r y  f o r  t h e  c o l d  s t a g e  
temperature  B (where B is der ived  u s i n g  a PRT, i n  a vo l t age  d i v i d e r .  The 
d i v i d e r  o u t p u t  i s  s c a l e d  t o  accommodate t h e  f u l l  t empera tu re  range. The 
t e l eme t ry  d e r i v a t i o n  c i r c u i t  appea r s  as FLgure 14.7-33. The monitor .Ta l id  
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1 4 . 7 . 1 . 6 5  
This t e l e m e t r y  f u n c t i o n  moni tors  t h a  teaperatwe of E ~ E  n t c m e d i a t e  stage of 
t h e  r a d i a t i v e  cooler. S i n c e  n orde t empera ture  rang s.5 require$ two 
t empera tu re  raoni tors  are provided.  Honitor  A,  which moni tors  t h e  low t empera tu re  
range (125' t o  170°K) w i t h  increnaed  r e s o l u t i o n  and aoconttor & which m m f t o r s  t h e  
e n t i r e  range (100 t o  320°K) b u t  has l i t t l e  reaoluc ion .  The telewttry volta&e id 
t e r i v e d  a P la t inum Resistance Thcmameter  (PRT) used  in a v c l t n g e  d i v i d e r  
as shown i n  F igu re  1 4 . 7 . 3 - 3 4 .  The d i v i d e r  ou tpu t  is  s c a l e d  by an o p e r a t i o n a l  
a m p l i f i e r .  S ince  t h e  +12 v o l t  power r equ i r ed  b:J t h i s  moni tor  is prov?ded when 
t h e  i n t e r m e d i a t e  s t a g e  h z a t e r  i s  enab led ,  t h e  t e l eme t ry  f s  v a l i d  o n l y  when t h a t  
h e a t e r  is  enabled.  The o p e r a t i n g  l i m i t s  are provided in Table LL.7 -2 .  
1 4 . 7  .I .66 Znte--ediate S t a g s  Temperature  Moritolr {TM-65) 
T h i s  t e l em? t ry  . qlnctfon moni tors  t h e  t empera tu re  of t h e  i n t e r m e d i a t e  stage c f  
the  r a d i a t i v e  cooler. S ince  a wide tempera ture  range is r e q v i r e i ,  t w o  
t empera tu re  d- toni tors  are provided:  o n i t o r  A ,  which w n i t o r s  t h e  lov  
t empera tu re  range (125' t o  17G°K) v i  t h  i n c r e a s e d  r e s o l u t i o n ;  and moni tor  E ,  
which moni tors  t h e  e n t i r e  range (LOO t o  32OoK) b u t  h a s  l i t t l e  i h e  
te1eme:ry v o l t a g e  is  d e r i v e d  from a Pla t inum Resistar.c? Thermcnetrr  (PRT) used 
in a v o l t a g e  d i v i d e r  a s  shown I n  Figtire 14.7-34. The d i v i d e r  outnue i s  scaled 
by ope raedona l  a a p l i f i c r .  S ince  che  212 v o l t  pwaer rcqbirec! by e h l s  mozLtor 
i s  provideri uheii t h e  inccruedi r r te  stage h c o t e r  i s  enabled ,  Ehe telcmetrj7 is 
v a l i d  o n l y  when t h a t  h e a t e r  is erw-bfed. The opeea i lmis  i i ? d t s  a r e  provided i n  
Table 1 4 . 7 - 2 .  
In t e rmed ia t e  S t a x  Temperature  A HonPtor ('Ri-65) --
b 
Prom 
- - -- I-- 
r e s o l u t i m .  
a n  
1 4 . 7 . 1 . 6 7  CFPA CoGtrol Temperature Monitor  (m-6J) 
.I_ 
T h i s  t e l e m e t r y  f u n c t f o n  moni tors  t h e  t empera tu re  of tt.i Cold Focal P L n e  
Assembly (CFPA). T h i s  i s  one of t w o  monl'Jrs performing t h i s  f t t nc t ion .  Thc 
teleme'-ry v o l t a g e  Ls der ive ,  from t h e  sensFng element used t o  c o n t r o l  t h e  CFPA 
tempera ture .  i h e  sensitlg element  i s  a sflfcon diode mounted JII t h e  cold f o c a l  
pl . ine.  The diode  i s  u t i l i z e d  a s  t h e  fee,bdc-k element. The t e?e&et ry  d e r i a t i o a  
c i r c u i t  appea r s  as F i g u r e  15.2-35. The t e l eme t ry  dPvi3 t fon  c i r c u t r y  is poworeu 
by t h c  4-15 v o l t  r e g u l a t o r s  a s s o c i a t e d  w i t h  CFPli h e a t e r  enzb le  and hcnc t  th- 
t e l e m e t r y  fs v a l i d  when t h e  CFPA h e a t e r  i s  enabled .  The CFPA t m p e r a t v r e  s h o u l d  
be w i t h i n  t h e  l i m i t s  def i r -cd i n  i a b l e  14.7-2 i f  the radiat:ve cooler is ;it 
o p e r a t i n g  tempera ture .  
14 .7 .1 .68  Cold Focal  P l ane  hssenbly  Heater C irrent. :!onI to r  (m-68, 
~ ----__ ---_I_ ___- 
This t e l s m c t r y  f w c t i o n  r,onitcirs the currc-nt Fl31 . i in t  * n  :'fa* C o l d  Cu . , r l  Plrarc 
Assernt.1; ( C F P A )  ht=;'er T h c  i ? ! ' A  heazcr is a ; 5 C O  u h  :i?smlted ho;ter locatec 
on t h e  back s i d e  of t k e  CYPA s u b s t r a t e .  P.c. t c f e m t r j -  vo:rage is d z r l v e d  L 1: 
the vo l t age  d i o p  a c r o s s  t h e  CFPA h e a t c r  e l ~ s e r ? ~ ,  and cocdt t foneO by ar 
o p e r a t i o n a l  arplifier. The t e l e n e t r y  d e r i v a t i o n  circinfe  a n d  r e sponse  f r r c t i o n  
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h e a t e r  c o n t r o l l e r  is OR and shob ld  be  w i t h i n  t h e  limits d e f i n e d  i n  Tab la  14.7-2. 
14.7 .I ‘69 
This  te lemet -y  f u n c t i o n  moni tors  t h e  t empera tu re  of t h e  t e l e s c o p e  b a f f l e .  The 
bsf  f l e  t empera tu re  t e l e m e t r y  i s  d e r i v e d  from a t h e r m i s t o r  l o c a t e d  abou t  midway 
a long  t h e  l e n g t h  of the primary ozfrror c e n t r a l  b a f f l e .  The t h e r m i s t o r  i s  used 
as  one element i n  a v o l t a g e  d i v i d e r  as shown i n  F igu re  14.7-37. The o u t p u t  of 
t h e  d i v i d e r  i s  a p p r o p r i a t e l y  s c a l e d  by a n  o p e r a t i o n a l  a m p l i f i e r .  The b a f f l e  
t empera tu re  mon i to r  cir . :uitry is p a r t  of t h e  t empera tu re  s c a l i n g  c i r c u i t ,  and 
t h e  o u t p u t  i s  v a l i d  when t h e  t empera tu re  s c a l i n g  c i r c u i t  is  on. The b a f f l e  
t empera tu re  is a c t i v e l y  c o n t r o l l e d  i f  t h e  b a f f l e  h e a t e r  is on and shou ld  be 
w i t h i n  t h e  l i m i t s  d e f i n e d  i n  Table  14.7-2. 
B a f f l e  Temperature Monitor (TM-69) 
_I 
14.7.1.70 CFPA ?loni to r  Temperature lionf, t o r  (111-70) 
The CFPA moni to r  t empera tu re  f u n c t i o n  moni tors  t h e  t empera tu re  of the Cold Foca l  
P lane  Array. The CFPA tempera tu re  is sensed  by a d h d e - .  mounted on t h e  CFPA 
s u b s t r a t e .  The d i o d e  i s  used i n  t h e  feedback  loop  of a n  o p e r a t i o n a l  a m p l i f i e r  
as shown i n  F igu re  14.7-35. The CFPA is t empera tu re  i s  a c t t v e l y  c o n t r o l l e d  a t  
one  h e a t e r  c o n t r o l  c i r c u i t r y .  A d d i t i o n a l l y ,  t h e  CFPA can  be c o n t r o l l e d  u s i n g  
t h e  Cold S t a g e  h e a t e r .  Temperature c o n t r o l  r e q u i r e s  t h a t  t h e  c o l d  s t a g e  be a t  
tempera ture .  The CFPA tempera ture  should  be w i t h i n  t h e  U n i t s  d e f i n e d  i n  Tab le  
14.7-2. The CFPA mon i to r  tempera ture  is one of two t empera tu re  m n i t o r s  on t h e  
CFPA. 
14.7.1.71 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  t empera t a re  of t h e  p re -ampl i f i e r  assembly 
f o r  odd prime f o c a l  p l ane  channels .  The s e n s i n g  element i s  a t h e r m i s t o r  l o c a t e d  
on t h e  band 3 assembly. The t e l e m e t r y  d e r i a t i o n  c i r c u i t  appea r s  as F igu re  
14.7-38. The pre-amp t empera tu re  t e l eme t ry  i s  always v a l i d  and shou ld  be w i t h i n  
t h e  range  de f ined  i n  Table  14.7-2. 
14.7.: .?2 Cold Pre-Amp Temperature Monitor (TM-72) 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  t empera tu re  o f  t h e  p re -ampl i f i e r s  on t h e  
c o l d  f o c a l  p l a n e  assembly .  The s e n s i n g  e lement  is a t h e r m i s t o r  l o c a t e d  on t h e  
Band 7 pre-amp assembly. The t e l e m e t r y  v o l t a g e  is der ived  us ing  t h e  s t a n d a r d  
passLve t e l e m e t r y  c i r c u i t  i n  F igure  14.7-38. The telemetry i s  always v a l i d  arid 
should  be w i t h i n  t h e  l i m i t s  de f ined  i n  T a b l e  14.7-2. 
Ambient Odd Pre-Amp Temperature Pionitor (M-71) -- .--- 
14.7.1.73 Relay Op t i c s  Temperature Monitor (TM-73) -- 
This  telemetry f u n c t i o n  rncnitors t h e  CeRpcrature of t h e  r e l a y  npt. irs.  The 
sensing elemelit i s  a t h e r m i s t o r  l o c a t e d  on inchworm 81 ansrmhlv. T h e  telemetry 
vo l t age  i s  drr twed from 
14.7-38). The r e l a y  o p t i c s  
t h e  s t a n d a r d  pass ive  tempernture  c i r c u i t  (F igu re  
t empera tu re  telemetry i s  a lways  v a l i d  and shou ld  be 
L SI)-WC- 2 6 3 
14-134 
_.. 
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w i t h i n  t h e  r ange  d e f i n e d  i n  T a b l e  14.7-2. 
14.7 .I. .74 Power Supply Temppreture Monitor (TM-74) 
T h i s  t ezemet rp  f u n c t i o n  aaaitors t h e  tea ipera ture  o f  t h e  power supply  ~odtale .  
The s e n s i n g  elemenk is a t h e r m i s t o r  mounted o n  the power supp ly  h e c t  s i n k .  The 
t h e r m i s t o r  is used i n  t h e  s t a n d a r d  p a s s i v e  t empera tu re  s e n s i n g  c i r c u i t  ( F i g u r e  
14.7-38). The power supp ly  t empera tu re  t e l e m e t r y  is a lways  v a l i d  and shou ld  be 
w i t h i n  t h e  l i m i t s  d e f i n e d  i n  Table  14.7-2. 
14.7.1.75 Band 6 -- Post-Amp Temperature Monitor (TM-75) 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  t empera tu re  of t h e  band 6 POSE-Amp. The 
s e n s i n g  e lement  i s  a t h e r m i s t o r  l o c a t e d  on t h e  band 6 post-amp c i r c u i t  board.  
The t h e r m i s t o r  is  used i n  t h e  s t a n d a r d  p a s s i v e  t empera tu re  t e l e m e t r y  c i r c u i t  
(F igu re  14.7-38). The t empera tu re  t e l e m e t r y  i s  alwayn v a l i d  and should  be w i t h i n  
t h e  limits d e f i n e d  in Tab le  14.7-2. 
14.7.1.76 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  t empera tu re  of the m u l t i p l e x e r  e l e c t r o n i c s  
t h e  s e n s i n g  e lement  is a t h e r m i s t o r  mounted on  t h e  NRZ-L Data Output  board of 
t h e  m u l t i p l e x e r .  The p a s s i v e  ana log  t e l e m e t r y  cilr;Cuit is shorn  in F i g u r e  
14.7-40. The t empera tu re  o €  t h e  m u l t i p l e x e r  e l e c t r o r i f c s  depends upon t h e  s t a t u s  
of t he  m u l t i p l e x e r  and i ts  du ty  cyc le .  The te loperarure  t c l emc t ry  is a lways  
v a l i d  and shou ld  be w i t h i n  t h e  l i m i t s  de f ined  i n  Table  14.7-2. 
- M u l t i p l e x e r  Electronics Temperature Monitor (TM-16) 
14.7.1.77 Mul:ipl,exer Power S:tpply Temperetuzx- Hnni tor  (Tkf-77). -. 
T h i s  t e l e a e t r y  f u n c t i o n  moni tors  t h e  t empera tu re  of t h e  mu1 t i p l e x e r  power 
supply .  The s e n s i t i v e  e l emen t s  are two t h e r m i s t o r s  mounted on t h e  MUX dc-dc 
c o n v e r t e r .  The t empera tu re  t e l eme t ry  c i r c u F t  is t h e  same as t h a t  used f o r  t h e  
mux e l e c t r o n i c s  t empera tu re  and a p p e a r s  as F i g u r e  14.7-40. The power supp ly  
tempera ture  is always v a l i d  and deptndant  opon t h e  s t a t u s  and du ty  c y c l e  of t h e  
mux, bu t  shot116 be w i t h i n  t h e  l i m i t s  d e f i n e d  i n  Table 14.7-2. 
14.7.1.75 C a l i b r a t i c n  tamp Drive r  Temperature Monitor (TM-78) 
This  t e l e m e t r y  f u n c t i o n  moni tors  t h e  t empera tu re  of t h e  c a l i b r a t i o n  lamp d r i v e r  
c i r c u i t  board.  The s e n s i n g  element i o  a t h e r m i s t o r  mounted on c i r c u i t  ca rd  A3 in 
t h e  e l e c t r o n i c s  module. The t e l eme t ry  d e v i a t i o n  c i r c u i t  appea r s  as F igure  
14.7-38. The c a l i b r a t i o n  l a m p  d r i v e r  tempera ture  i s  alwasy v a l i d  and should  be 
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14.7.1.79 Primary Mi r ro r  Temperature  Monitor (TM-79)- 
T h i s  te lenoetry f u n c t i o n  morrltors t h e  t empera tu re  of t h e  pr imary a d r r o r .  The 
seno!ng element  .Ls a t h e r m i s t o r  mounted on t h e  hack of t h e  t e l e s c o p e  primary 
mi r ro r .  The primslxy 
m i r r o r  t empera tu re  is a lways  v a l i d  and should  be wKthin the liaits d e f i n e d  i n  
Table  14.7-2. 
The t e l e m e t r y  d e v i a t i o n  c i r c u i t  appea r s  as F i g u r e  14.7-38. 
14 .7 .1 .80  Primary Mi r ro r  Mask Temperature Monitor (TM-80) -- 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  tempera ture  of t h e  pr imary m i r r o r  mask. 
The s e n s i n g  element  i s  a t h e r m i s t o r  l o c a t e d  on t h e  back of t h e  primary m i r r o r  
mask. The t e l e m e t r y  d e v i a t i o n  c i r c u i t  appea r s  as F i g u r e  14.7-38. The pr imary 
m i r r o r  mask t empera ture  t e l eme t ry  i s  always v a l i d  and should  be w i t h i n  t h e  
limits de f ined  in Table  14.7-2. 
14 .7 .1 .81  
This  t e l eme t ry  f u n c t i o n  moni tors  the t empera tu re  of t h e  secondary m i r r o r .  The 
s e n s o r  i s  a t h e r m i s t o r  mounted on t h e  back of t h e  secondary m i r r o r  suppor t  
p l a t e .  The t e l eme t ry  d e r i v a t i o n  c i r c u i t  appea r s  as Figure  14.7-38. The 
secondary mirror tempera ture  t e l eme t ry  is  a lways  v a l i d  and should  be w i t h i n  t h e  
limits de f ined  i n  Table  14.7-2.  
Secondary Mi r ro r  Temperature Monitor  (TM-81) 
14 .7 .1 .82  Secondary Mir ror  Mask Temperature Hani tor  ('I?+O?.) -- I_ --__- - 
T h i s  t e l e m e t r y  Euact ion moiiitors t h e  t e n p e r a t u r e  of t h e  secondary m i r r o r  mask e 
The s e n s i n g  element  i s  a t h e r m i s t o r  l oca t ed  o n  t h e  seconJury  d r r o r  cmsk. The 
t e l eme t ry  d e r i v a t i o n  c i r c u i t  appea r s  as F igure  14.7-38. The secondary  m i r r o r  
mask t empera ture  t e l eme t ry  i s  always v a l i d  and should  be w i t h i n  t h e  l i m i t s  
de f ined  in Table 14.7-2. 
14 .7 .1 .83  
This  t e l eme t ry  f u n c t i c n  moni tors  t h e  tempera ture  of t h e  preamps a s s o c i a t e d  w i t h  
t h e  even  numbered preamps of t h e  prime f o c a l  p l ane  channels .  The s e n s i n g  
element  is a t h e r m i s t o r  l o c a t e d  on t h e  band 3 assembly. The t e l eme t ry  
d e r i v a t i o n  c i r c u i t  appearn as F igures  14.7-38. The ambient even preamp 
tempera ture  t e l eme t ry  is always v a l i d  should  be w i t h i n  t h e  l i m i t s  d e f i n e d  i n  
Table  lb.7-2. 
Ambient Even Preamp Temperature Monitor (TM-83) --- --
14 - 7 . 1 . 8 4  
This  t e l e e e t r y  f u n c t i o n  moni tors  t h e  tempera ture  o t  t he  t e l e s c o p e  hous ing .  The 
s e n s i n g  clement  i s  a t h e r m i s t o r  mounted t o  e h e  t e l e s c o p e  hous ing  ( a l m d n m  
honeycomb t u b e )  midway be&een t h e  primary s n d  secondary uifirort;. The t e a m e t r y  
d e r i v a t i o n  c f r cu f  t is shown i n  F tgu re  24.7-38. Te lescope  Housing tempera ture  
t e l eme t ry  i s  always v a l i d  and should  be w i t h i n  t h e  l i m i t s  de f ined  i n  Table  
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14.7-2. 
14.7.1.85 
T'nis t e l e m e t r y  f u n c t i o n  mon i to r s  t h e  t e l e s c o p e  'bns;apXete t empera ture .  Tho 
sensing, e1esent is a therutistor mounted on  t h e  o p t i c a l  suppor t  bs lkhead  of the 
t e l e s c o p e  main frame. The t e l e m e t r y  d e r i v a t i o n  c i r c u i t  is  shown in F i g u r e  
14.7-38 . The c a l i b r a t i o n  s h u t t e r  hub t empera tu re  t e l e m e t r y  i s  a lways  v a l i d  and 
shou ld  be w i t h i n  t h e  l i m i t s  d e f i n e d  i n  Tab le  14.7-2. 
Te lescope  B a s e p l a t e  Temperature Flonitor (TM-85) 
14.7 . I  -87 .__- SMA +Z Housing Temperature H o n i t a t  (93-87) 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  t empera tu re  of t h e  CZ and of  t h e  scan 
mirror assembly. The s e n s i n g  element is a t h e r m f s t o r  mounted to t h e  +% end of  
t h e  scsn mirror frame. The t e l e m e t r y  d e r i v a t i o n  e i r c u i L  appea r s  as F i g u r e  
14.7-34+2 housing t empera tu re  t e l e m e t r y  is always v a l i d  and shou ld  be with in  t h e  
limits d e f i n e d  i n  Tab le  14.7-2. 
14.7.1.88 
T h i s  t e l e m e t r y  f u n c t i o n  monitors t h e  tempera ture  of t h e  -2 end of t h e  scan 
m i r r o r  assembly. The s e n s i n g  element i s  a t h e r m i s t o r  mounted t o  t h e  -Z end of  
t h e  s c a n  m i r r o r  frame. The t e l eme t ry  d e r i v a t i o n  c i r c u i t  is shown i n  F i g u r e  
14.7-39. The SMA -7 KousLng tempera t t i re  t c l e w t r y  i s  always v a l i d  arid should be 
w i t h i n  t h e  l i m i t s  d e f i n e d  in Tab le  l b  .7-2.  
SMA -Z Housing Temperature Monitor (m-88) 
14.7.1.89 Scan Angle Monitor Tempfrsture Noni tor  ( " k ! -E9?  
T h i s  t e l e m e t r y  f u n c t i o n  mon i to r s  t h e  tempera ture  of t h e  s c a n  a n g l e  moni tor  
e l e c t r o n i c s .  The s e n s i n g  element is a t h e r m i s t o r  mounted s c a n  a n g l e  moni tor .  
The t e l e m e t r y  d e r i v a t i o n  c i r c u i t  appear  as F i g u r e  14.7-39. Angle Monitor 
Temperature t e l e m e t r y  i s  a lways  v a l i d  and should  be w i t h i n  t h e  l i m i t s  de f ined  i n  
Table  14.7-2. 
14.7.1.90 Scan Mi r ro r  E l e c t r o n i c s  Temperature Monitor (TX-90) 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  tempera ture  of t h e  s c a n  m i r r o r  e l e c t r o n i c s .  
The s e n s i n g  e lement  i s  a t h e r m i s t o r  mounted i n  t h e  s c a n  mi r ro r  e l e c t r o n i c s  
housing. The t e l e m e t r y  d e r i v a t i o n  c i r c u i t  is shown i n  F igu re  14.7-39. The Scan 
H i r r o r  E l e c t r o n i c s  t e l e m e t r y  i s  always v a l i d  and should  be w i t h i n  t h e  l i m i t s  
def  Lned i n  Table  14.7-2. 
14.7.1.91 SMA +X Flex  p i v o t  Temperature Xoni tor  (TM-91) ---
T h i s  te'lcaetry function monitor8 t h e  tempers t t i re  of the  sccn 671 r ro r  +X f l e x  
p i v o t .  T h e  s e n s i n g  efercent is tt t h e r n i s t o r  iocclteci on  &he scan mlrror  frame nea r  
t h e  +S flex p i v o t .  The t e l e m e t r y  ckr iva t ' ron  c i r c u i t  appears as Figure  14.7-39. 
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l i m i t p  d e f i n e d  in T a b l e  14.7-2. 
14.7.1.92 SMA -X F l e x  P i v o t  Temperature Monitor (TM-921 ---- 
This  t e l e m e t r y  func t i e r .  monitors t h e  t e o p e r a t u r e  of t h e  -X ( a f t )  f l e x  pbvot;. 
The sensing eleijlent i s  a t h e r m i s t o r  mounted ~n t h e  scan m i r r o r  frame n e a r  t h e  -X 
f l e x  p i v o t .  The t e l e m e t r y  d e r i v a t i o n  c i r c u i t  i s  shown in Figure  14.7-39. The -X 
f l e x  p i v o t  t empera tu re  t e l e m e t r y  i s  a lways  v a l i d  and should  be w i t h i n  t h e  l i m i t s  
d e f i n e d  in Table  14.7-2. 
14.7.1.93 Sunshie ld  Temperature Monitor (TM-93) 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  t empera tu re  of  t h e  s u n s h i e l d .  The s e n s i n g  
element i s  a t h e r m i s t o r  mounted on t h e  main €ran=: near t h e  s u n s h i e l d .  The 
t e l eme t ry  d e r i v a t i o n  c i r c u i t  is  shown in Figure  14.7-38. The Sunsh ie ld  
Temperature t e l e m e t r y  is  a lways  v a l i d  and shou ld  be w i t h i n  t h e  l i m i t s  d e f i n e d  i n  
Table  14.7-2. 
14.7.1.94 - SIC Temperature Monitor (TM-94) 
Th i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  t empera tu re  of t h e  Scan L ine  C o r r e c t o r  
(SLC). The s e n s i n g  e lement  i s  a t h e r m i s t o r  l o c a t e d  on t h e  SLC m i r r o r  mount. The 
t e l eme t ry  d e r i v a t i o n  c i r c u i t  appea r s  as Figure  14 -7-38. The S I C  t empera tu re  
t e l eme t ry  i s  a lways  v a l i d  find 6hOuld be w i t h i n  the limits de f ined  i n  Table  
14.7-2. 
14.7.1.35 
Th i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  tea:peraturr of t h e  c a l i b r a t i o n  lamp 
f i l t e r s .  The s e n s i n g  element is  a t h e r m i s t o r  l o c a t e d  on t h e  f i l t e r  hous ing  
s i n c e  t h e  hous ing  i s  mounted t o  t h e  aft o p t i c s  bulkhead i t  is a l s o  a n  i n d i c a t i o n  
of t h a t  item's t empera tu re .  The t e l eme t ry  d e r i v a t i o n  c i r c u i t  i s  shown i n  F igu re  
14.7-38. The f i l t e r  t empera tu re  t e l e m e t r y  i s  a lways  v a l i d  and should  be w i t h i n  
t h e  l i m i t s  de f ined  in Tab le  14.7-2. 
C a l i b r a t i o n  Lanp FLlter Temperature Monltor (34-95) 
-__1-1 I__ _-- _I_____ l_l-- - -I- 
14.7 .\. .96 Cooler Ambient S t age  Tenpera tu re  Noni tor  (TI.1-96) 
Th i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  tempera ture  o f  t h e  ambient s t a g e  of t h e  
r a d i a t i v e  c o o l e r .  The s e n s l n g  element is  a t h e r m i s t o r  mounted on t h e  
p r e a m p l i f i e r  suppor t  r i n g .  The t e l e m e t r y  d e r i v a t i o n  c i r c u i t  appea r s  as F i g u r e  
14.7-38. The Ambient S t age  Temperature telemetry is always v a l i d  and should  be 
w i t h i n  t h e  l i m i t s  d e f i n e d  in Table  14.7-.2. 
14.7.1.97 Cooler  Door Temperature Monitor (TM-97) -- -
This  t e l eme t ry  Funct ion  monbcors t h e  r m p e r a t u r e  of t h e  c o o l e r  boor.  The  
s e n s i n g  eleolent f s  a t h e r m i s t o r  mounted on t h e  e a r t h  f a c i n g  stliESCe of the 
c o o l e r  door.  T h e  t e l e m e t r y  d e r i v a t i a n  c i r c u i t  is  shown i n  F igu re  14.7-39. The 
LSD-WPC- 26 3 
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Door Temperature  t e l e m e t r y  is always v a l i d  and should be w i t h i n  t h e  limits 
de f ined  i n  Tab le  14.7-2. 
14.7 -1.98 
T h i s  t e l e n t r y  f u n c t i o n  n o n i t o r s  t h e  t empera tu re  of t h e  +? f a c i n g  K a d i s t o r  Fins .  
The s e n s i n g  element is a t h e r m i s t o r  mounted o n  one c o r n e r  of t h e  r a d i a t o r .  The 
t e l e m e t r y  d e r i v a t i o n  c i r c u i t  is shown i n  F igu re  14.7-38. The F i n  Temperature 
t e l e m e t r y  is slways v a l i d  and should be w i t h i n  t h e  l i m i t s  de f ined  by Table  
i-Y R a d i a t o r  P i n  Temperature Monitor (TM-100) - -- 
14.7-2. 
14.7.2 TM DIGITAL TELEMETRY PBNITORS 
The Thematic Mapper u t i l i z e s  12 serial  d i g i t a l  t e l e m e t r y  words. These d i g i t a l  
words are of t h r e e  types :  b i - l e v e l  s t a t u s ,  command echo, and subcornmutated 
d i a g n u c t i c s .  
Word8 I and J, when combined, p rov ide  t h e  as rece ived  ser ia l  command word 870 
message. Word K is subcomutated 128 times p e r  major frame. The f i r s t  32 words 
are d e r i v e d  by t h e  scan m i r r o r  assembly micro-processor and d i a g n o s t i c  
i n fo rma t ion .  The remaining 96 words are n o t  d e f i n e d ,  Each serial d i g i t a l  word 
is def ined  in t h e  fo l lowing  paragraphs.  All ser ia l  t e l e m e t r y  r e q u i r e s  Command 
and Data V e r i f i c a t i o n  Un i t  (CDVU) power and t h e r e f o r e ,  is i n v a l i d  u n l e s s  CDVU 
power is on. The t y p i c a l  d i g i t a l  word o r t p u t  c i r c u i t  appea r s  as F i g u r e  14.7-41 
Serial d i g i t a l  words are o u t p u t  most s i g n f f i c a n t  bi t :  € l r E t  ( i . c .  MSB B i t  2 
weight - SO). 




Th iG t e l e m e t r y  f u n c t l o n  c o n s i s t s  of t h e  8 b i - l e v e l  s t a t u s  b i t s  p re sen ted  in 
t e l eme t ry  word TM-101. The b i t s  d e f i n e  o r  p a r t i a l l y  d e f i n e  t h e  s t a t u s  of f o u r  
u n r e l a t e d  f u n c t i o n s .  "TWORDA" i s  d e f i n e d  as: 
Bit Weight z7 z6 z5 z 4  z3  z 2  2' 2' 
B i t  ID SO Sl S2 S3 S4 S 5  S6 57 
Ceriel Wital Word A (TWORDA) ~. -~ .- 
User I D  <---------------- TJf 101----------------- > 
The b i t s  compris ing TWORDA are i d e n r i f f e d  a s :  
BIT -
so 




S 5  
5 5  
S ?  
FUNCT I ON 
Unused B i t  - 1 
Thermal Shutdown EnabledkDisabled 
SMA +Z Heater  C o n t r o l l e r  Enagled/Disabled 
SMA -Z Hea te r  C o n t r o l l e r  Enabled/Disabled 
S e r i a l  Gommnd R e c c i s c r  3. ON/OFF 
S h u t t e r  F u s i b l e  Link Svff~cl i  A ON/OFP 
S h u t t e r  Fus ib l e  T . i r t k  S.&cch B OWlOFF 
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1 4 . 7 . 2 . 2  Thermal Shutdown S t a t u s  (TTHSDWN) 
This t e l e m e t r y  f u n c t i o n  moni tors  t h e  s t a t u s  of t h e  power s u p p l y ,  thermal 
shutdorm- con t ro l  r e l a y .  Tl’IiSDFJN is d e f i n e d  an: 
B i t  Weight 2 O  
User I D  TMlOl 
B i t  I D  s1 











The t e l e m e t r y  is d e r i v e d  a s   own i n  F i g u r e  14.7-42. A DISABLED s t a t u s  
i n d i c a t e s  t h a t  t h e  shutdown c i r c u i t  h a s  been d isconnec ted  from t h e  power supply .  
The ENABLED s t a t u s  i n d i c a t e s  t h s t  t h e  shutdown c i r c u i t  is connected t o  t h e  power 
supply  c o n t r o l  c i r c u i t .  I f  &he tempera ture  of the s w i t c h i n g  t r a n s i s t o r s  n e a t  
e i n k  exceeds 50’ c e n t i g r a d e ,  t h e  v o l t a g e  comparator  t r ips ,  s h u t t i n g  down the 
power supply .  As the t empera ture  cools  below 50’ t h e  power s u p p l y  will 
a u t o m a t i c a l l y  t u r n  on.  I n  the shutdown mode the Ct;VU 4-9 v o l t  supply  rcmaina 
o p e r a t i v e .  TTHSDWN may be u t i l i z e d  i n  t h e  v e r f f i c o L i o n  o f  the fo l fowing  
commands : 
Command TTHSDWN 
Number Acronym S t a t e  
736 THSDNENA 1 
702 THSDNiiIS 0 I 
14.7 ‘ 2 . 3  SMA Heater  C o n t r o l l e r  -- S t a t u s  (TSMASTAT) 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  the s t a t u s  of t h e  s c a n  m i r r o r  assembly (SW.)  
h e a t e r  c o n t r o l l e r s .  TSMASTAT i s  d e f i n e d  as: 
B i t We f gh t 23  22 2 l  2 O  
User I D  TM112 T M L O l  TM112 TMlOl 
B i t :  I D  s4 s3 s3 s 2  
L SD- 6;PC - 2 6 3 
SVS-10266 
31 December 1981 
The even t  l o g i c  a s s o c i a t e d  w i t h  TSMASTAT is de f ined  as: 
Heater C o n t r o l l e r  
S t a t u s  





S t a t e  
0 0 0 0  
1 1 0 0  
0 0 1 1  
1 1 1 1  
-- 
The t e l e m e t r y  d e r i v a i t o n  appea r s  as F igure  14.7-43. D i sab l ing  a h e a t e r  
c o n t r o l l e r  removes t h e  i n p u t  power (513 v o l t s )  from t h e  412  vcj3.t r e g u l a t o r s  
which power t h e  c o n t r o l l e r .  Enabl ing  a c o n t r o l l e r  a p p l i e s  power t o  t h e  
r e g u l a t o r s .  With power a v a i l a b l e  t h e  SMA t empera tu re  i o  monitored ( t h e m l s t o r )  
and : f  t h e  t empera tu re  i s  less than  1 8 O  c e n t i g r a d e  (sense? by a v o l t a g e  
comparator) t h e  SMA h e a t e r  (nominal 20 wat ts  each)  i s  tu rned  on. A t  22OC t h e  





S t a t e  -- Acronym 
871 (8000) Sl-PZETOK 
871 (4000) SMP ZFiTOF 
811 (2000) SMF'ZHTON 





* don't c a r e  (1 o r  0) 
14.7.2.4 S e r l a l  Corrmand Rece iver  S t a t u s  (TSCRSTAT) -- 
T h i s  teleme t r y  f u n c t i o n  moni tors  t h e  s t a t u s  of t h e  se r ia l  commnnd r e c e i v e r s .  
TSCRSTAT as de f ined  as: 
Bit "e ight  2 O  
User I D  T M l O l  
B i t  ID S4 
The event  l o g i c  a s s o c i a t e d  w i t h  TSCRSTAT i s  de f ined  as: 
S e r i a l  Command Rece ive r  TSCRSTAT 
Mod e S t a t e  -
#I S e l e c t e d  
#2 S e l e c t e d  
1 
0 
LS U- WPC- 2 6 3 
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The t e l e m e t r y  i s  d e r i v e d  a s  shown i n  F i g u r e  14.7.3-44. The mode " S e r i a l  Command 
Rece iver  # I  Se lec t ed"  o b t a i n s  when the  +9 v o l t  CDVU power as connected t o  se r ia l  
command r e c e i v e r  (SCR) 1, and l o g i c  ground i s  provided  for command decoder  
number 1. SCR 1 can o n l y  be accessed  from RIU 8 8 .  The mode " S e r i a l  Corcmznd 
Rece iver  2 s e l e c t e d  o b t a i n  when +9 v o l t  CDVU pot . i o  a p p l i e d  t o  SCR 2 and  log€c  
ground is  connect  t o  command decoder  2 .  SCR 2 can on ly  bo accessed  from RIU 8 8 .  
Only one command rece ive r /decode r  can be o p e r a t i o n a l  a t  o g t v e n  time. 
TSCRSTAT may be u t i l i z e d  i n  t he  v e r i f i c a t i o n  of t he  fo l lowing  Thematic Mapper 
Commands, assuming t h a t  TM i s  "ON": 
TS CRSTAT 
Command - # Command Acronym S t a t e  
7 62 S CR1 S EL 
829 SCRZSEL 
14.7.2.5 S h u t t e r  F u s i b l e  Link  S t a t u s  (TSHRFZLK) -~ 
1 
0 
T h i s  t e l e m e t r y  f u n c t i o n  m n i t o r s  the  s t a t u s  of t h e  c a l i b r a t i o n  s h u t t e r  f u s i b l e  
l i n k  h e a t e r .  TSHRFZLK i s  d e f i n e d  as: 
B i t  Weight z 2  2 l  zn 
u sc r- I D TMlOl T M l O l  l i 4 l O l  
B i t  I D  s5 SG Sl 
The e v e n t s  l o g i c  associated w i ; h  TSHXPP@M i a  d e f i n e d  t o  be 
S h u t t e r  Fuse Link 
Mod e -






0 0 0  
1 0 0  
1 1 0  
1 1 1  
The t e l e m e t r y  i s  d e r i v e d  as  shown i n  F igu re  14.7-45. I n  t h e  s a f e  mode t h r e e  
commands a r e  r e q u i r e d  t o  a c t u a t e  t h e  s h u t t e r  f u s i b l e  l i n k  h e a t e r .  Enabl ing  t h e  
s h u t t e r  f u s i b l e  link c o n n e c t s  t h e  mic ro -d i sc re t e  command (PrUC) p u l s e  bus to  t h e  
s e t  c o i l  of t h e  arming r e l a y  p e r m i t t i n g  t h e  arm command t o  he  a c t u a t e d .  Arming 
t h e  f u s i b l e  l i n k  connec t s  t h e  MDC p u l s e  bus t o  t h e  se t  COLI o f  t h e  a c t u a t e  
r e l a y ,  enabl ing  t h e  a c t u a t e  command. Ac tua t ion  connec t s  the s p a c e c r a f t  bus  and 
r e t u r n  t o  t h e  f u s i b l e  l i n k  h e a t e r .  The h e a t e r  s o f t e n s  t h e  l i n k s  and t h e  
c a l i b r a t i o n  s h u t t e r  is noved E n a n e n t i y  ollt of t h e  o p t l c n l  p a t h .  --___- 
'rSlIRFZLK nay be used  to v e r i f y  t h e  f o l l o v l n g  cotiiwnds, i f  tlw Theaa t i c  Mapper is 
"ON". 
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Command TSHWZLK 
Number Acronym S t a t u s  -- -- 
891 (0008) SFLENA 100  
872 (0080) SEZAUM 110 
871 (0002) SPL F i r e  111 
871 (0001) FLSAFE* 000 
* P a r t i a l  v e r i f i c a t i o n  see paragraph  14.7.2.13. 
14.7.2.6 S e r i a l  D i g i t a l  Word E (TWORDB) -- 
Thin t e l e m e t r y  f u n c t i o n  c o n s i s t s  of  t h e  8 b i - l e v e l  s t a t u e  b i t s  con ta ined  i n  
t e l eme t ry  word TM-102. TWORD B is  d e f i n e d  as: 
The b i t s  compr is ing  TWORD B are i d e n t i f i e d  as: 










Band 1 ON/OFF 
Band 2 O W O F F  
Band '3 ON/OFF 
Band 4 ON/Oi?F 
Band 5 ON/OFF 
Band 6 ON/OFF 
Band 7 ONIOFF 
Cold S t a g e  Telemetry ON/OFY 
14.7.2.7 Band S t a t u s  (TBNDSTAT) -~ 
T!iis t e l eme t ry  f u n c t i o n  monl tors  t h e  power s t a t u s  of t h e  band I. th rough 7 p r e  
and p o s t  a m p l i f i e r s .  TBNDSTAT is def ined  as:  
Bit Weight Z6 2' Z 4  z 3  22 2' 2' 
> <- ------- - - - - TM 102 ----I------ User ID 
B i t  I D  SO S 1  52 S3 54 S5 S6 
The event  l o g i c  a s s o c i a t e d  w i t h  TBNDSTAT is d e f i n e d  a s :  
1 .  Each b i t  r e p r e s e n i n  t h e  power s t a t u e  of a hand $8 folla;as: 
sit SO SL 52 53 S 4  S5 S6 
B a n d d l  2 3 4 5 6 7 
LSD-bTC-26 3 
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3 .  The event  name is "BANDS ON" and t b e  mode is t h e  l ist  of bands 
i d e n t i f i e d  by logic 1 s t a t u s  b i t s .  
The s t a t u s  b i t s  are t y p i c a l l y  d e r i v e d  as shown i n  F igu re  14.7-45. A band ON 
s t a t u s  i n d i c a t e s  t h a t  +19 v o l t s  have been connec ted  t o  t h e  2 1 5  r e g u l a t o r s  
t h ? t  pclwer to t h e  p r e  and p o s t  a m p l i f i e r s  a s s o c i a t e d  w i t h  each  channel  
in t h e  band. TBNDSTAT can be used t o  v e r i f y  t h e  fo l lowing  ccmmands. 
volt 
prov ide  
Command 










8 4 5  
32 5 
815 
8 4 1  


























S f  
s5 
S6 
S t i  
- -  
TBNDSTAT 















14 .7 .2 .8  Cold F tage  Hea te r  C o n t r o l l e r  S t a t u s  (TCSCNTLR) 
Th i s  t e l e m e t r y  f u n c t i o n  mon i to r s  t h e  s t a t u s  of t h e  r a d i a t i v e  c o o l e r  c o l d  s t a g e  
t e n p e r a t u r e  c o n t r o l l e r  and t e l eme t ry .  TCSCNTLR i s  d e f i n e d  as:  
-
B i t  Weight 22 21 20 
User I D  TM10 2 TM108 TM103 
B i t  I D  s 7  so s1 





C N T L R  O i S  
O U T G A S  ENA 
TLM ON/OUGAS E N A  
TCSCNTRL 
S t a t u s  
1 0 0  
1 1 0  
1 1 1  
0 0 0  
0 0 1  
1 0 1  
L sr -UP c- 2 6 3 
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The s t a t u s  b i t s  are d e r i v e d  as  shown I n  F igu re  14.7-47.  The c o l d  s t a g e  
c o n t r o l l e r  p rov ides  t h r e e  func t ions :  c o l d  s t a g e  tempera ture  t e l eme t ry ,  c o l d  
s t a g e  ou tgas  h e a t i n g ,  and a CFPA backup t empera tu re  c o n t r o l .  The c o l d  s t a g e  
t e l eme t ry  provided is a d u a l  range  t empera tu re  nonitor o f  t h e  c o l d  s t a g e  
tempera ture .  The te1eiitetry is powered W ~ ~ ~ P V C K  +L9 v o l t s  are connected t o  t h e  
4-15 - v o l t  r e g u l a t o r s .  I n  t h e  ou tgas  w d e  t h e  c o n t r z L l e r  a a i n t a i n o  t h e  co ld  n t age  
remperatue a t  293' K. The c o n t r o l l e r  Le nn ON/OFF dovice  which provide8  80 v o l t  
power t o  t h e  278 ohm h e a t e r  i f  t h e  t empera tu re  is lees than  t h e  set p o i n t .  The 
h e a t s r  c o n t r o l l e r  can  be used as a back-up c o n t r o l l e r  f o r  t h e  c o l d  f o c a l  p l ane  
tempera ture .  For  t h i s  f u n c t i o n  the c o n t r o l l e r  o p e t a t e s  i n  the p r o p o r t i o n a l  mode 
and t r t i l i z e s  15 v o l t  power f o r  t h e  278 ohm h e a t e r .  
TCSCNTLR may be used i n  t h e  v e r i f i c a t i o n  of t h e  fo l lowing  commands: 
Commsnd TCSCNTLR 
Number Acronym Statue 
872 (8000)  CSTGTMOF o o *  
872 (0200) CSTSHENA * * L  
872 (0100) CSTGHON l l *  
872 (OMO) CSTCHOFF * o o  
* don't care (1 o r  0) 
14.7.2.9 S e r i a l  D i g i t a l  Word C ( M O K D C )  
Th i s  t e l eme t ry  f u n c t i o n  is comprised of the e i g h t  bi-level s t a t u s  b$ ts prcscnteci 
in t e l e m e t r y  word TM-103. The b i t s  are a l l  a e e o c i a t e d  w i t h  t h e  r a d i a t i v e  c o o l e r  
door .  TWOFQ C is d e f i n e d  as  fo l lows:  
-- -- 
B i t  Weight z7 z6 z 5  24 z3  z 2  2 l  2O 
User ID <-------------- 103-------------- > 
B i t :  ID# SO SL SZ S3 S4 S5 S 6  S7 
The h i t s  compr is ing  TWOP5C are: 







S 6  Door 
S ?  Door 
- N a m e  -
Closed/  Not 
OutgasiNot 
Open/Not 
E l  t r o  Magnet On/Off 
Motor On/Off 
Fuse Link Switch A O n / O f f  
F m e  Lfrik Switch D On/O€f 




31 December 1981 
14.7.2.10 Door P o s i t i o n  Monitor (TDOORPSN) 
T h i s  t e l e m e t r y  func t tor !  moni tors  t h e  p o s i t i o n  o f  t h e  r a d i a t i v e  c o o l e r  door ,  
TDOORPSN i s  de f ined  as: 
B i t  Weight 22 2 1  2 O  
User I D  <--- M 103---> 
B i t  I D  so Sl s2 
The event  l o g i c  a s s o c i a t e d  w i t h  TDOORPSN i s  d e f i n e d  as: 






S t a t u s  
0 0 1  
0 1 0  
1 0 0  
The t e l eme t ry  is d e r i v e d  as shown i n  F i g u r e  14.7-48. The t h r e e  p o s i t i o n s  are 
sensed  us ing  micro-switches.  The swi t ches  are used f o r  p o s i t i o n  c o n t r o l  i n  
a d d i t i o n  t o  t e l e m e t r y  d e r i v a t i o n .  A l o g i c  one  i n d i c a t e s  t h a t  a swi t ch  is 
c losed .  The swi t ches  are l o c a t e d  as fo l lows :  Closed-pos i t ion ,  s i d e  of c o o l e r  
e n c l o s u r e ,  a c t i v a t e d  by s i d e  of door ;  o u t g a s  p o s i t i o n ,  n e a r  door motor crank-ara; 
a c t i v a t e d  by cam on  t h e  motor s h a f t ;  open p o s i t i o n ,  bottom of c o o l e r  e n c l o s u r e ,  
a c t i v a t e d  by bottom edge of c o o l e r  door.  
14.7.2.11 Door Electro-:.iagnet S t a t u s  (TDOOREM) 
Th i s  t e l eme t ry  f u n c t i o n  moni tors  t h e  s t a t u s  of  t h e  r a d i a t i v e  c o o l e r  door  
l a t c h e s .  TDOOKEM is def ined  as: 
B i t  Weight 2O 
User I D  TM103 
B i t  ID s3 
The evcn t  l o g i c  a s s o c i a t e d  wi th  TDOOKEM i s  def ined  as: 
Door Larch TDOOREM 





The t e l eme t ry  i s  de r ived  as  showri i n  FLguce 1&.7 -k9 .  T h e  door  l a t c h e a  a r e  t w o  
e lec t rmragne t s  l o c a t e d  on  t h e  e- fgc of t h c  door  o p p o s i t e  t h e  h i n g e ,  When tl:e 
door  l a t c h e s  are O N  ins t rument  module b u u  pcwcr is conneceed t o  t h e  e lectro-  
magnet c o i l s .  When t h e  door  l a t c h  mode Is O F F  rite e n e r g i z i n g ,  v o l t a g e  i s  
d i sconnec ted .  The door  l a t c h e s  should  b e  on du r ing  launch.  
LSD-WPC-2 6 3 
14-146 
SVS-10266 
31 December I981 
TDOOREM may be used t o  v e r i f y  t h e  fo l lowing  cominds :  
Conrmand TCSCW'ftP, 
Number Acronym S t a t u s  
7 22 DMAGON 1 
7 32 DMkGOFF 0 
14.7.2.12 Door Motor S t a t u s  (TDOORqTR) 
Th i s  t e l eme t ry  f u n c t i o n  moni tors  t h e  s t a t u s  of t h e  r a d i a t i v e  cooler door  motor. 
TDOOFJ-UR is  def ined  as: 
B i t  Weight 2O 
User I D  "M103 
B i t  I D  s4 
The even t  l o g i c  a s s o c i a t e d  w i t h  TDOORTR is  d e f i n e d  as: 
Door Hotor  TDOORMTR 
Mode S t a t u s  
~ 
Disabled  0 
E na 5 l a d  1 
The t e l e m e t r y  is d e r i v e d  as shown i n  Eigure  14.7-50. I n  t h e  EXABLED MODE f 3 3  
v o l t s  is connected t o  t h e  motor d r i v e  and brake  r e l e a s e  c i r c u i t s  and +8 v o l t  
power i s  connected t o  t h e  +5 v o l t  r e g u l a t o r  t h a t  s u p p l i e s  power t o  t h e  door 
l o g i c  c i r c u i t s .  In t h e  DISABLED WDE t h e  +33 and +8 v o l t  power i s  disconnected  
and t h e  motor brake  i s  engaged. 
TDOOKMTR nay be used t o  v e r i t y  t h e  following: 
Command TDOOR-XTR 
Number A c  r o n)m S t a t e  
872( 2000) UMT RO F F 0 
872(4000 DXTKO N 1 
14.7.2.13 Cooler Door F u s i b l e  Link S t a t u s  (TDKZZLK) 
T h i s  t e l e m e t r y  f u n c t i o n  monitors t h e  s t a t u s  of t h e  radi3tlvL c o o l e r  duor f u s i b l e  
l i r k  h c a t c r  c o n t r o l l e r  circu:c.  TD:?FZLK i s  d e f i n e d  a s :  
--I_-_I___ 
2O 
User ID TX103 Et103 TX103 
B i t  I D  s5 56 57 
1 B i t  ideight 22 2 
L S D- Ir'pC - 2 6 3 
16-147 
The even t  l o g i c  a s w c i a t e d  w i t h  TDRFZ1LK is d e f i n e d  as: 
SAFE 000 
ENABLED 100 
A W E D  110 
ACTUATED 111 
The t e l e m e t r y  is  d e r i v e d  as shown i n  F i g u r e  1 4 . 7 4 5 .  I n  t h e  SAFE node s w i t c h e s  
A,  B and C are open. I n  t h e  ENABLED mode, s w t t c h  A is c losed  connec t ing  t h e  
macro-discrete  command (MDC) p u l s e  bus  t o  t h e  close,  c o i l  o f  r e l a y  (Switch)  B. In 
t h e  AKYHED Mode, s w i t c h  B is c l o s e d  connec t ing  t h e  kIDC p u l s e  bus t o  t h e  c l o s e  
c o i l  o f  r e l a y  ( s w i t c h )  C. In t h e  ACTUATED kfodcl t h e  s p a c e c r a f t  Bus ( A / B )  is 
connected t o  t h e  f u s i b l e  l i n k  h e a t e r  ( ?  ohms). As the  l i n k  s o f t e n s  t h e  c o o l e r  
door is opened by a preloaded spr ing .  The tiiw r e q u i r e d  f o r  a c t i v a t i o n  is a 
f u n c t i o n  of -Joltage a p p l i e d  t o  t h e  h e s t e r .  The f u s i b l e  l i n k  can be a c t u a t e d  only 
once and t h e  r z s u l t a n t  a c t i o n  (cooler door f u l l  open) i s  i r r e v e r s i b l e .  
TDRFZLK may be used t o  v e r i f y  t h e  fo l lowing  cornnr3ncts: 
872(0040) DFLEY.4 100 
871( 0100) CYL A M  1 i o  
872( 0Ol .O)  Di"L!",9? RE 111 
14.7.2.14 
T h i s  t e l e m e t r y  f u n c t i o n  i s  comprised of e i g h t  b f l e v e l  s t a t u s  b i t s  a s s o c i a t e d  
wi th  t h e  on board c a l i b r a t i o n  system atid m u l t i p l z x  s t a t u s .  WQRDD is d e f i n e d  as: 
S e r i a l  D i g i t a l  Word D ( T X X D  2 
B i t  Word z7 Z6 2' 2' z 3  2' 2' 2' 
User I D  4 > 




. I  
2 
/ 
The b i t s  compr is ing  word D are: 










Cal Lamp 1 Onlo€€ 
CS1 Lonip 2 OclDff 
C a l  Lamp 3 On/Off 
C a l  Lamp f O v e r r i d e / N o m 1  
C a l  Lamp 2 Owerride/Nomal  
Cal Lamp 3 Override/Normal 
Lamp Sequencer On/Of f 
M u l t i p l e x e r  On/Of f 
svs-10266 
31 December 'IS81 
14.7.2.15 C a l i b r a t i o n  Lsmp S t a t u s  (TLMPSTAT) 
Th i s  t e l e m e t r y  f u n c t i o n  rmndtors t h e  s t a t u s  of t h e  on-bosrd c a l i b r a t i o n  sources 
f o r  bands 1 through 5 and 7. TLMPSTAT is d e f i n e d  as: 
B l t  Weight S26 2' 2' 23 22 2' 2' 
z < ----------- ~ 1 ~ 4  _____.-I-  User I D  
B i t  I D  SO S 1  S2 53 54 S5 S6 
The even t  l o g i c  a s s o c i a t e d  w i t h  TLMPSTAT is d e f i n e d  as: 




Lamp 1 O N  
Lamp 1 Backup 
Lamp 2 O N  
Lamp 2 Backup 
Lamp 3 ON 
Lamp 3 Backup 
0 0 0  
1 1 1  
1 0 *  
1 * *  
* l *  
* 1 *  
* * 1  
* * 1  
T U P  STAT 
S t a t e  
---I 
0 0 0 "  
0 0 0 1 .  
* * n o  
I * * *  
* O * Q  
" 1 " "  
* * Q O  
* * I *  
* don't care ( o r  0) 
The t e l e m e t r y  i s  d e r i v e d  as shown i n  Figure 14.?-51. I n  t h e  O f f  Mode t h e  .e_lS 
v o l t  power t o  t h e  lampa is renoved and t h e  node c o n t r o l  S o m l l O v e r r l d o  And 
sequencer O n / O f f  r e l a y s  may be e i t h e r  s ta te  as lamp power is not a v a i l a b l e .  The 
au tomat i c  sequence mode r e q u i r e s  t h a t  t h e s e  lamps be on i n  the  normal nosic. snd  
t h e  sequence r  be on. Opera t ion  o€ each lamp i s  d e t e r d i n e d  by t h e  On;O i f ,  
N o m l / O v e r r i d e  and sequence r  OnfOff r e l a y s .  The Lanp O f f  mode occur s  w t i t w  the 
power (219 v o l t s )  i s  removed f r o 3  the c o n t r o l  c i r c u i t r y .  I n  t h e  normal m o c k  t h e  
lamp is on and i t s  c u t p u t  is c o n t r o l l e d  by B p h o t o d i o d e .  I n  cha- override m\de 
t h e  l m p  i s  ope ra t ed  at a f i x e d  c u r r e n t  d e t e r m l v d  by t h e  scit-i~~..: of resfscs:t;k*. 
I f  t h e  s equence r  i s  on ,  i t  t u r n s  all lamps i n  the n o r m 1  m d e  on aiid o f i  i n  :PA! 
L SD-\+?'C- 2 E\ 3 
, 
fo l lowing  sequence. 
Lamp - Lamp S ta t e -  In  I n t e r v a l  -
SVS-10266 
31 December 1981 
1 Off On On Off O f f  On O n  9 f f  
2 O f f  Off On On On On O f f  Off 
3 Off Off Off Off On On On On 
X F u l l  S c a l e  0 20 50 30 70 90 60 40  
In t h e  o v e r r i d e  mode a l a u p  does  n o t  respond t o  sequencer  commands. TLHPSTAT nay  
be used t o  v e r i f y  t h e  fo l lowing  commands: 
Command TLMPSTAT 










8 7 l (  ObOk) 










LPS EQO F F 
LPSEQON 
O O * * * * *  
I * * * * * *  
* I * * * * *  
* * 0 0 * " *  
* * I * * * *  
* * * I * * *  
* a 9t * 0 0 * 
* * * * I * *  
* * * * * I *  
B * 4 * h * 0 
92 $1 * * rh * 1 
14.7.2.16 Mul t ip l exe r  S t a t u s  (ri\iUXPWR) 
Th i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  power s t a t u s  of t h e  m u l t i p l e x e r .  TMUXPkT is  
def ined  a s :  
B i t  Weight 21 
User I D  TM104 
B i t  ID s7 
2 O  
TM106 
S6 
The event  l o g i c  a s s o c i a t e d  w i t h  TMUXPWR is d e f i n e d  a s :  
Mu1 t i p l e x e r  TMUX?WR 




0 0  
1 1  
The t e l eme t ry  i s  d e r i v e d  as shown i n  Figure 14.7-52. The m u l t i p l e x e r  can  be 




d . .  .. ... , . , ._. ", . I . . . .. .. . 
MUX i t s  dc-dc c o n v e r t e r  produces seven  secondary  vo l t ages .  The +5.2 v o l e  
bus p rov ides  power f o r  t h e  t w o  m u l t i p l e x e r  on t e l eme t ry  p o i n t s .  
ana log  
14.7.2.17 S e r i a l  Telemetry Word E (TWORDE) -- 
T h i s  t e l eme t ry  f u n c t i o n  1; comprised of  e i g h t  b i l e v e l  s t a t u s  bLts  a s s o c i a t e d  
w i t h  inchworm c o n t r o l  and monLroring blackbody tempera ture  c o n t r o l  and s c m  
m i r r o r  e l e c t r o n i c s  s t a t u e .  TWORDE i r a  d e f ined  as: 
B i t  Word 2? Z6 2' z4 Z3 22 2' 2' 
> User ID <------------ w,,105 --I.----_)--- 
B i t  I D  SO S1 S2 S3 S4 S5 S6 S7 
The b i t s  compris ing word E are: 
B i t  # Funct ion  -- 
so 
s1 






Inchworm Power On/Off 
LVDT On/Off 
Blackbody Cn/Off 
Blackbody T2 On/Off 
Blackbody T3 OnfOff 
Blackbody Backup Cn/Of f 
Scan ! t i r ror  Electronics i On/Of f  
Scan ?!irror Efectronics 2 On/Off 
14.7.2.1.8 Inchworin Con t ro l  and Zonfcor S t x t u s  (TIXSTAT) -- -__ --^I- 
This  t e l e m e t r y  f u n c t i o n  moni tors  t h e  s t a t u s  of inchworm power annd p o s i t i o n  
moni tor ing .  TIWSTAT i s  d e f i n e d  as: 
B i t  Weight 2 1  20 
User I D  m105 TM105 
B i t  ID so si 
, .  h e  event  l o g i c  a s s o c i a t e d  wi th  TIWSTAT is: 
Inchworm TIWSTAT 
Mode S t a t e  -
Off 0 0  
TLM On 0 1  
Power 3n 1 0  
Pwr ti TLM On 1 1  
T h e  ee lemet ry  is de r ived  as  shown in F i g u r e  14.7-53. I n  t h e  power L R  node i -30 
c o l t s  is a p p l i e d  t o  t h e  inchworm hign v o l t a g e  power supp l i . 0~  and +% v o l t s  is 




is a p p l i e d  t o  p o s i t i o n  s e n s i n g  c i r c u i t  which u t i l i z e d  l inear  variable 
d i f f e r e n t i a l  t r a n s f o r m e r s  (LVDT). In t h e  o f f  m d e  a l l  v o l t a g e s  are d i sconnec ted .  
TIWSTAT may be used in v e r i f i c a t i o n  of t h e  fo l lowing  coffimnde: 
Command TIWSTAT 
Ste.te --Number Acronym 
872( 0004) LVDT Off * o  
872(0020) LVDT On * 1  
871 (0001 1 Inch  Off o *  
871( 0002) Xnch On l *  
* don't care (1 o r  0) 
14.7.2.19 Blackbody Temperature Con t ro l  S t a t u s  (TBRS'ET) 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  s t a t u s  of t h e  on board c a l i b r a t i o n  sys tem 
blackbody t empera tu re  c o n t r o l  c i r c u i t r y .  TBBSET is d e f i n e d  as: 
Bit Weight 23  22 2 l  2O 
User XD <----- m105---- > 
B i t  ZD s 2  53 s4 s5 
The event l o g i c  a s s o t f a t e d  w i t h  TERSET is: 
Blackbody C o n t r o l  TBBSET 
Node S t a t e  -
O f f  
O n  Tl 
On T2 
O n  T3 
O n  Backup 
0 0 0 0  
L O O 0  
1 1 0 0  
l * l O  
1 * * 1  
* don't care 
The t e l e m e t r y  is d e r i v e d  as  shown i n  F i g u r e  1 4 . 7 - 5 4 .  I n  t h e  Off Node, t h e  4-19 - 
v o l t s  which p rov ides  t h e  power f o r  t h e  blackbody h e a t e r  and c o n t r o l l e r  i s  
d i sconnec ted .  I n  t h e  O n  T l  Mode +19 v o l t s  i s  connected t o  t h e  +-I2 v o l t  
r e g u l a t o r  which p rov ides  a l l  r e q u i r e d  Eower. The t e n p e r a t u r e  set p o i n t  re1:Iys 
a r e  r e s e t  t o  p rov ide  a c o n t r o l  t empera tu re  of 24'C.  The O n  T 3  mode is a l s o  
similar t o  On T l  bu t  r e s u l t s  in a c o n t r o l  t empera tu re  of 30°C. mode 
i s  T~=I? TJ 
relay overr ides  the T2 r e l a y .  In t h e  On Backup mode, t h e  temperature* con t ro l j . ? r  
is rezoved atid t h e  h e a t e r  runs i n  t h e  c o ~ s t a n i :  cur ren t  acjc1ee 
The O n  T2 
sizfiar t o  O n  'ri is s e t ,  r c s u l t i n q  ir, a c o n t r o l  c m p e r n t u r ~  of 35'~. 
14-152 
TBBSET may be used i n  t h e  v e r i f i c a t i o n  o f  t h e  fo l lowing  commands: 
Command TBBSET 
Number Acronym S t a t e  
71 6 BSWTRON r o o *  
766 BBHTROFF 0 0 0 0  
813 BBT2SEC 1 1 0  * (I) 
817 B BBKWO N 1 4 * 1 (1) 
835 BBT3SEC 1 * 1 * (1)  
* don't care (1 or 0) 
(1) r e q u i r e s  BB h e a t e r  On 
14.7.2.20 Scan Mirror E l e c t r o n i c s  S e l e c t i o n  (TSMESEL) 
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  s t a t u s  of  t h e  scan a d r r o r  e l e c t r o n i c s  
s t a t u a .  TSMESEL is d e f i n e d  as: 
B i t  Weight 2l 2O 
User ID <---TMlO 5---> 
B i t  I D  S6 s7 
The even t  logic a s s o c i a t e d  v i t h  TSMESEL is: 
SEE TSME S EL 




1 0  
0 1  
0 0  
The t e l e m e t r y  i s  d e r i v e d  as shown i n  F igu re  1 4 . 7 - 5 5 .  Bit 56 moni tors  t h e  s t a t u s  
of s c a n  m i r r o r  e l e c t r o n i c s  ( S a )  number 1. A l o g i c  1 i n d i c a t e s  t h a t  power is 
a p p l i e d  t o  S ? E  1. A logic % i n d i c a t e s  t h a t  power has  been d isconnnccted .  B i t  S7 
monitors power s t a t u s  of SkE 8 2 .  A l o g i c  1 i n d i c a t e s  t h a t  SKE 2 is powered 
l o g i c  0 i n d i c a t e s  t h a t  power is not a p p l i e d .  Both SHE 1 and SHE 2 cannot  be 
powered a t  s imul t aneous ly  . 
TS!CSCL m y  be used i n  t h e  v e r i f i c a t i o n  of  t h e  following: 
t h e  
Command TSMESEC 
Simber Acronym S t a t e  
I-
J 
LSU-WPC-2 6 3 
14-153 
SVS-10266 
33 December 1981 
14.7.2.21 
T h i s  f u n c t i o n  is comprised of 8 b i - l e v e l  s t a t u e  b i t s  a s s o c i a t e d  w i t h  
b a f f l e  h e a t e r  c o n t r o l ,  macro-d iscre te  command g e n e r a t o r  control, m u l t i p l e x e r  
power s t a t u s ,  and a i d s c a n  marker  ststce is d e f i n e d  as: 
S e r i a l  Te leme t ry  Word F (TWOBDF) -- 
t e l eme t ry  
B i t  Wefght Z7  Z6 z5 Z4 Z 3  Z 2  2' 
m106 ---- ..--. ) I----- . User I D  <-----..------..-- 
B i t  ID SO S1 S 2  53 Sb S5 S 6  S7 
/ 
The b i t s  compris ing WOIUF are: 
Funct ion  -- B i t  
SO B a f f l e  Hea te r  C o n t r o l l e r  On/Off 
_I 
s1 B a f f l e  Heater Backup On/Off  
s2 Macrod i sc re t e  Cad Genera to r  
s3 Macrod i sc re t e  Crnd Gene ta to r  
s4 Macrodi scrcte Cad Genera to r  
s5 Macrodiscre te  Cmd Genera tor  
S6 Mul t ip l exe r  On/Off 
s7 Midscan P u l s e  OnlOf f 
14.7.2.22 E a f f l e  Hca:er C o n t r o l l e r  S t n t u s  (TfiAFFt!'FR) -- I__ -----_1__ 111 ---.- 
A Prime O n / O f f  
A Redundant On/Off 
t! P r i m e  On/Off 
I$ Redundant On/Off 
This  t e l eme t ry  f u n c t i o n  moni tors  the a t a t u s  of t h e  btlE€lc hetiref c o n t r o l l e r .  
TBAFFHTR i s  def ined  as: 
B i t  Weight 2 f  Z0 
User ID TM106 TMlO6 
B i t  I D  so SI. 
The event  l o g i c  a s s o c i a t e d  wi th  TBFFHTR is: 
Baffle  Heater  ConCroZ TBAFFHTR 




0 0  
1 0  
1 I  
The t e l eme t ry  is d e i i v e d  a s  shown I n  Figure 14.7-56. In t h e  :torma1 Mode, 4-19 
power is a p p l i e d  t o  t h e  c o n t r o l l e r  enohl fng  t h e  tempera ture  sense and compare 
c i r c u i t s .  The b a f f l e  h e a t e r  is tu rned  an  and off t o  main ta in  t h e  baffle 
t m p e r a t u r e  a t  166'C. In t h e  Backup :+ode the  b.3f fIc  tieater i a  opera t ed  i n  the 
C O I I R ~ ~ X I C  power mode ( - 4  w a t t s ) .  The  o t f  n:ode f o  ohcatncd b y  i-c:ioving +19 v o l ~  
po we r <3 nd r ec o nne c c i ng t he t c iu p e rn t u  re c o II t r o 1 1 e r . - 
LSD-WPC-263 
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TBAFFHTR m y  be used  t o  v e r i f y  t h e  fo l lowing  comrids. 
Commnd TBAPFHTR 
Number A c r o n y  Scate 
892( 1000) BFXTRON I * 
8 72 (oaoo) BF'HTRBU 1 1  
872(0400) HFHTROFF 0 0 
-- 
* don"t cafe (1 or  0) 
SVS - IO 26 6 
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14.7.2.23 Macrodiscre te  Colornand Genera tor  S t a t u s  (TMCGSEL) 
This  t e l e m e t r y  f u n c t i o n  monf tors  t h e  s t a t u s  of t h e  macrod i sc re t e  eommnd 
gene ra ro r s .  TMCGSEL is  d e f i n e d  as: 
---- 
2 l  2 O  
m106----------- > User I D  <---I ---- 
B i t  I D  s2 s3 s4 s5 
B i t  Weight z3  22 
The even t  l o g i c  a s s o c i a t e d  w i t h  TMCGSEL is:  
Command Genera to r  
Mode 
_I 
Both O f f  
B Redundant 
H P r i m e  
A Redundant 
Both Redundant 
A Red B P r i m e  
A P r i m e  
A P r i m e  B Ked 
Both P r i m  
THCC s EL 
S t a t e  
0 0 0 0  
0 0 9 1  
0 0 L O  
0 1 0 0  
0 1 0 1  
0 1 1 0  
1 0 0 0  
1 0 0 1  
1 0 1 0  
-II 
The t e l eme t ry  is d e r i v e d  a s  shown i n  F igu re  14.7-5G. Each b i t  of TMCGSEI. d e f i n e s  
the  On (L05ic  l ) ,  O f f  ( l o g i c  0) Q ~ A ~ C  of each of t h e  f o u r  commend g e n e r a t o r s .  
Execution o f  any 871 commnd r e q u i r e s  t h a t  cor?mand g e n e r a t o r  A be on and 
execu t ion  of any 8 7 2  cornnand requfres t h a t  cornmnd g e n e r a t o r  B he  o n .  The prime 
comnind g e n e r a t o r s  can o n 2  be accessed  by KIU B A  and t h e  redundant commnnd 
gencratorcr can o n l y  be accessed  5 R i U  BB. - - - - -_ .  -- 
LSO-WPC-2 6 3 
ORIGINAL PACE fS 
OF POOR QUALrrv 
SV S- 102 66 
3 1  Decelnber 1981 
TMCGSEL m y  be used t o  v e r i f y  t h e  fo l lowing  commands: 
Coamand 
Nunher Acranyu 
726 MCG S ELM l o * *  
7 60 MCGSELAR O P * *  
821  MCGS ELBP * * l o  
843 WCGSELBR * * 0 1  
827 MCGOFF 0 0 0 0  
* don’t care (1 o r  09 
14.7.2.24 Midscan Marker S t a t u s  (TMIDSCA!!) 
T h i s  t e l e m e t r y  f u n c t i o n  mon i to r s  t h e  midscan marker s t a t u s .  
as : 
-- __I_ 
TPIIDSCALV is d e f i n e d  
B i t  Weight 2 1  2O 
User ID TM112 TM106 
B i t  ID s5 57 
The even t  l o g i c  a s s o c i a t e d  w i t h  THIDSCAV is: 
Hidscan TMIDSCNJ 




0 0  
The t e l eme t ry  is der ived  a s  shown i n  Figure 14.7-58. The two t e l eme t ry  f u n c t i a n s  
monitor t h e  o u t p u t  of t h e  NAND g a t e  which is “ s e t ”  when both  MidBcan 3n coatwinds 
have been r ece ived .  I n  t h e  On mode t h e  Midecan code is being  in se rzed  in t h e  
v ideo  d a t e .  
14.7.2.25 S e r i a l  Telemetry Word -- G (TWORDC) 
‘This t e l e m e t r y  fur ic t ion  moni tors  t h i s  s t a t u s  of t h e  s c a n  l i n e  c o r r e c t o r s  and t h e  
o s c f l l a t f n g  s h u t t e r s .  TWOKUC i s  def ined  as: 
D i t  Weight 27 24 25 z 4  2 3  22 2 1  2 0  
User ID <-------------- *m107---------------- > 
B i t  ID SO S 1  S 2  53 54  S5 56 57 
LSD-WC-243 
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Funct ion  
-_I- 
Sean Line  corrector 1 On/Off  
Scan L i n e  C o r r e c t o r  2 Cn/Off 
C a l i b r e t i a n  S h u t t e r  On/Off 
C a l i b r a t i o n  S h u t t e r  Phase E r r o r  No/Yes 
C a l i b r a t i o n  S h u t t e r  Amplitude E r r o r  No/Yes 
Backup S h u t t e r  On/Of f 
Backup S h u t t e r  Phase E r r o r  N o / Y e s  
Backup S h u t t e r  Amplitude E r r o r  NofYea 
14 .7 .2 .24  Scan Line C o r r e l a t o r  Se lec tLon (TSLCSEL) --
This  t e l eme t ry  f u n c t i o n  motif t o t s  t h e  s t a t u s  of the redundant  scan l i n e  c o r r e c t o r  
(SLC) e l e c t r o n i c s .  TSLCSEL is d e f i n e d  ae:  
Bi t Weight 2 l  2O 
User ID TM107 TM107 
B i t  ID so s1 
T h e  even t  lclgic a s ~ o c i a t e d  wi th  TSLCSEL La: 
Scan L i n e  COrCaCtOr TSLCSEL 
Mode 
O f f  O Q  
1 On 1 0  
2 On 0 1  
State 
_I-- --- 
The t e l eme t ry  i o  de r ived  as  shown i n  F igu re  14.7-59. In t h e  "1 On" mode 519 
v o l t s  and +8 v o l t  power is a p p l i e d  t o  SLC 1 and t h e  motor which d r i v e s  t h e  
c o r r e c t i n g  assembly l e  connected t o  SLC I. motor d r i v e  ou tpu t .  I n  t h e  "2 
On" mode power is a p p l i e d  t o  SLC 2 e l e c t r o n i c a  and t h a  SLC motor l e  connected t o  
SLC 2 .  TSLCSEL may be used t o  v e r i f y  t h e  fo l lowing  commando: 
ruirror 
Command TSLCSEL 
Number Acronym State 
a71 (oocio) SLCSELl 
871 (0020)  SLCSEL2 
871(0010) SLCOFF 
1 0  
0 1  
0 0  
LSD-WC-263 
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14.7.2.27 C a l i b r a t i o n  S h u t t e r  S t a t u s  (TCALSHTR) 
T h i s  t e l e m e t r y  f u n c t i o n  mon i to r s  t h e  s t a t u s  o f  t h e  c a l i b r a t i o n  s k u t t e r .  TCALSHTR 
i s  d e f i n e d  38: 
Bit Weight 22 2 l  2O 
User ID <---T?i107---> 
b i t  ID 52 s3 54 
The even t  logic a s s o c i a t e d  with TCALSFFTR is: 
Gal S h u t t e r  
Mode -
TCALSIlTR 
S t a t e  
On i n  e r r o r  1 0 0  
Phase  l o c k  1 1 0  
Amplitude l o c k  1 0 1  
Of f 0 0 0  
On-in l o c k  I l l  
The t e l e m e t r y  d e r i v a t i o n  appea r s  as F i g u r e  14.7-60 TM107(S2) d e f i n e s  t h e  power 
s t a t u s  of t h e  pr imary  c a l i b r a t i o n  s h u t t e r .  A l o g i c  1 i n d i c a t e s  t h a t  power (+8V, 
- +19V and +33V) has  been a p p l i e d  t o  t h e  c a l i b r a t i o n  s h a t t e r  d r i v e  circtiits.  A 
l o g i c  z e m  i n d i c a t e s  power h a s  been resoved. T W O 7  '3 d e f i n e s  t k c  s t a t u a  of t h e  
phase d e t e c t o r .  A l o g i c  0 i n d i c a t e s  a phase e r r o r ;  1 inciicates phase okay. The 
same l o g i c  a p p l i e s  t o  ampl i tude  l o c k .  
14.7.2.28 Backup S h u t t e r  S t a t u s  (TBiiSiiTR) 
T h i s  t e l e m e t r y  f u n c t i o n  mon i to r s  t h e  s t a t u s  of t h e  backup s h u t t e r .  TBUSHTR i o  
de f ined  as: 
B i t  Weight 22 2 l  2O 
User I D  <--- TMI O F - - >  
B i t  IU S5 S6 S7 
The even t  l o g i c  a s s o c i a t e d  w i t h  TBUSHTR is: 
Backup S h u t t e r  TRUSHTR 
Mode S t a t e  
II
O f f  
On PA e r ro r  
.l-raee lock 
A m p L i  t u d e  l ock  
On i n  lock  
0 3 0  
1 0 0  
i o 1  
1 1 0  
1 1 1  
t SD- WT C-2 6 3 
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1 4 . 7 . 2 . 2 9  Serial  Telemet ry  Word H (TWORDH) -- 
T h i s  t e l e m e t r y  word monitors t h e  s t i l t u s  of t h e  c o l d  e t a g e  h e a t e r  con t ro l l e r ,  
i n t e r m e d i a t e  atage h e a t e r  c o n t r o i l e r ,  and the  cold focal p l a n e  t empera tu re  
c o n t r o l l e r .  TWOaDH i s  def ined  as: 
B i t  Weight 27 26 25 z4 23 22 21 2O 
User I D  <-------------- TM10&------------ > 
B i t  I D  SO S l  52 S3 S4 S5 S6 S7 









Cold S t a g e  C o n t r o l l e r  On/Off 
Cold S t a g e  Power Enabled/Disabled  
I n t e r m e d i a t e  S tage  C o n t r o l l e r  On/OEf 
I n t e r m e d i a t e  S tage  Heater Eoabled/Disabled  
CFPA CGnerol ler  O n / O f f  
CPPA T2 On/Off 
CPPA T3 O n / O f f  
CFPA T e l e x t r y  On/0f f  
14.7.2.30 Intermedia:e S tage  C n n i r o l i ~ r  S t a t u s  (TISCMTKL} 
Th i s  t e l e m e t r y  f u n c t i o n  moni tors  tite sta tus  of t h e  mcitnciivc? cooler i n t c r i e d i a t e  
s t a g e  h e a t e r  c o n t r o l l e r .  TISCNTRL .is d e f i n e d  2s: 
B i t  Weight 21 20 
User I D  <---TM108---> 
B i t  I D  s2 53 
The even t  l o g i c  a s s o c i a t e d  w i t h  TISCNTRL is: 
I n t e r m e d i a t e  S tage  
C o n t r o l l e r  Mods 
O f €  
Enabled 
On 
Outgas S e l e c t e d  
TISCNTRL 
S t a t e  
0 0  
1 0  
1 1  
0 1  
The t e l e m e t r y  c i r c u i t  appears as Figure 14.7-61. The i n t e r m e d i a t e  s t a g e  
c o n t r o l l e r  i s  enabled by applyirig 219 volts t o  izhe I 4-12 v o l t  r egu la t a r .  The  
regulator ou tpu t  powrrs the i n t e r m e d i a t e  s t a g e  t empera tu re  teletuetry d n d  t h e  
O n j O C f  c o n t r o l l e r .  The i n t e r a e d i a t e  stage o u t a g e s  h e a t e r  18 t u rned  on by 
grounding a n  inpu t  t o  t h e  c o n t r o l l e r  which p rov ides  C80 v o l t s  t o  t h e  h e a t e r .  The 
c o n t r o l l e r  then  maintains rhe  i n t e r m e d i a t e  s t a g e  temperature a t  2 0  Cent igrade .  0 
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TISCMTRL may be used t o  v e r i f y  t h e  f o l l o w i n g  commands. 
Comma nd TISCNTRL 
S t a t e  --Acrari p -~ Number --
sal( 000)  ISTGHENA 1 *  
871(0400) ISTGHON * E  
87 1 (0200) ISTGBOF F 0 0  
* don't care (1 o r  0) 
14.7.2.31 CFPA Temperature C o n t r o l  S t a t u s  (TCFPA) 
T h i s  t e l e m e t r y  f u n c t i o n  monitors t h e  s t a t u s  o f  s h e  c o l d  f o c a l  p l a n e  assembly 
(CFPA) tempera ture  c o n e r o l  c i r c u i t r y .  TCFPA is  d e f i n e d  as: 
B i t  Weight 23 22 21 20 
User I D  <---- TM1 OB---- > 
B i t  I D  S4 S5 S6 57 
The e v e n t  l o g i c  a a s o c i a t e d  w i t h  TCFPA is: 
CFPA Temp T C 9 A  
S t a t e  --Mode I_ 
n f r  
TLM Dt i  
S e t  Tl 
S e t  T2 
S e t  T3 
0 0 0 3  
O * * l  
1 0 0 1  
1 1 0 1  
l * l l  
* don't care (1 o r  0) 
The TX188 (57) b i t  s e n s e s  t h e  o u t p u t  of t h e  +15 v o l t  r e g u l a t o r .  A l o g i c  one 
i n d i c a t e s  t h a t  +15 v o l t s  is p r e s e n t ,  t h u s  pzwering t h e  C W . 4  c o n t r o l  and moni tor  
tempera ture  c i r c u i t s .  A l o g i c  0 i n d i c a t e s  t h a t  t h e  r e g u l a t o r  is not  powered. 
R1108 ( S 4 )  s e n s e s  t h e  power c t a t u s  of t h e  tempera ture  c o n t r o l l e r .  A logic 1 
i n d i c a t e s  t h a t  t h e  p r o p o r t i o n a l  c o n t r o l l e r  is  powered arid c o n t r o l l i n g  t h e  CFPA 
tempera ture  a t  one of t h e  t h r e e  a e t  p o i n t s .  W~108 (55)  serses  t h e  s ta te  of t h e  
T2 se t  r e l a y .  I\ l o g i c a l  I. i n d i c a t e s  t ha t  c o n t r o l  tempera ture  T2 (95' Kelvin)  ha3 
been s e l e c t e d .  S e l e c t i n g  T2 o v e r r i d e s  t h e  s e l e c t i o n  o f  T1 b u t  i s  in t u r n  
a v e r r f d e n  by t h e  s e l e c t i o n  of T3. TM108 (S6) moni tors  che s t a t e  of t h e  T3 
s e l e c t i o n  r e l a y .  A l o g i c a l  1 i n d i c a t e s  t h a t  s e t  p o i n t  T3 (105O K) h a s  been 
s e l e c t e d .  S e l e c t i o n  of set  poin t  T3 ovcriides TI and T 2 .  i f  w i t h e r  T2 o r  T3 
have  been selected t h e  se t  p o i n t  i s  TI (90' 5 : ) .  The telernecry d i l r i v a f i o n  i s  
shown i n  F igure  r4 .7 -62 .  TCFPA m y  be used t-3 v e r i f y  t h e  f-ol?aw';n,: ccl:aands: 
LSD-WC-26 3 
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Command 
Number Acronym - - 
TCFPA 
S t a t e  
7 10 CFPAHTO 1 0 0 1  
805 CFPAZ SEL * 1 * 1 ( 2 )  
81 l CFPGSZL * * 1 1 (1) 
7 20 CFPATMOP 0 0 0 0 ( 2 )  
7 44 CFPAHTOP 0 * * 1 (1) 
* don‘t c a r e  (= 1 o r  6) 
(1) t e l e m e t r y  power (S7) must be on f o r  v a l i d  ou tpu t  
(2) If 57 = 0 a11 b i t s  = 0 
14.7 .? -32  S e r i a l  Telemetry -- W5rd - I (TGIORDI) 
This t e l eme t ry  f u n c t i o n  in con junc t ion  w i t h  WORDJ provides  t h e  as rece ived  
s t a t u s  of t h e  command “message” a s s o c i a t e d  w i t h  COEXMRI-! 870. WORD1 i s  def ined  
as : 
B i t  ID so Sl 
The b i t s  compris ing Tb7ORDI are: 
TkiOPDI 570 










I_- -_ .- 
s2 S? 54 s5 S6 57 
C 03.a- nd 
Rete tved ---- 
Inchworm Extend/Not 
Inchworn 3 Enable /Disable  
Inchworm 2 EnablefDisable  
Inchvorm 1 Ensble /Disable  
Cooler Door HovelXnhfbit 
Cooler Door Close/Open 
Midscan Enable A 
Midscan Enable B 
14-161 
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14.7.2.33 S e r i a l  Te lemet ry  Word J (TWORDJ) -- 
T h i s  t e l e m e t r y  f u n c t i o n  in c o n j u n c t i o n  w i t h  TWORDI p rov ides  t h e  as r ece ived  
s t a t u s  of t h e  "message" a s s o c i a t e d  w i t h  command 870. TWORDJ is d e f i n e d  as: 
The bits compr is ing  TWORDJ are: 
TWORDJ 870 Command 
















Inchworm Cont rac t /Not  
14.7.2.34 Command Echo ( 'ECHO) 
This t e l e m e t r y  functios monitors the as rccaived s ta te  of comand 570 message. 
TECHO is def ined  as: 
lll_l____I 
. - ... - . 
B i t  
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Where "COUNTS: are t h e  dec imal  e q u i v l a n e t  of t h e  conca tena ted  
time is de termined  by adding  TRNERR t o  10,719 microsesctnds. I f  
Bumper Mode words K4 and KS are set t o  ze ro .  
14.7.2.35.5 Word K5 - TRNEWR N 
Word U5 r e p r e s e n t s  t h e  8 l e a s t  s i g n i f i c a n e  b i t s  of t u r n  around 
Decoding of  t h i s  word is d e f i n e d  i n  t h e  p r e v i o u s  paragraph.  
14.7.2.35.6 Word K6 - TORPLS - N 
word. Turn around 
t h e  TM is i n  t h e  
e r r o r  f o r  scan I?. 
Word K6 in conca tena t ion  w i t h  word K7 r e p r e s e n t s  t h e  t u r n  around to rque  p u l s e  
wid th  f o r  s can  N. Word K6 p rov ides  t h e  8 MSB'a w i t h  b i t  0 be ing  t h e  most 
s i g n l f i c a n t .  Decoding of  t h e  combined word is  " t o  be def ined" .  
14.7.2.35.7 Word ti7 - TOKPLS N 
Wcrd K7 r e p r e s n t s  t h e  8 least  s i g n i f i c a n t  b i t s  of t h e  t u r n  around to rque  p u l s e  
width f3r scan  N. Decoding of t h i s  word is  d e f i n e d  i n  t h e  p rev ious  paragraph .  
14.7.2.35.8 Word ~8 SHSERR N-I 
This  word conca tena ted  w i t h  word 99 r e p r e s e n t s  t h e  second h a l f  s c a n  e r r o r  f o r  
s can  N-1. The most s i g n i f i c a n t  b i t  3f  t h e  combined \cord (Word K 8  b i t  0 )  5 s  a 
s i g n  b t t  ( 0 - p l u s ,  I minus). The remaining 1% bits (Word KB b i t  1 throragli 
Word K.9 bit 7)  r e p r e s e n t  t h e  magnitude of t h c  time e r r o r  from midscan t o  end 
scan. P o s i t i v e  e r r o r s  nre binary encoded w h i l e  n e g a t i v e  e r r o r s  are encoded as 
two's complement. Second h a l f  s can  error i n  microseconds is determined by: 
SHSERR = (COUNTS) 1 / 8 4 . 9 0 3 )  (16 )  
Where (COUNTS) i s  t h e  dec imal  e q u i v a l e n t  of t h e  magnitude. The second ha l f  s c a n  
time can  determined by adding  t h e  e r r o r  t o  t h e  nominal t i m e  of 161,165 c lock  
pu l ses  o r  30,378.38 microseconds.  When t h e  TM is  ope ra t ed  i n  t h e  Bumper Mode, 
words K8 and K9 a r e  se t  t o  ze ro .  
14.7.5.35.9 Word K9 - SHSERR N-1 
Th i s  word, wt  ?n conca tena ted  wi th  word K8, r e p r e s e n t s  t h e  second h a l f  s can  e r r o r  
n s s o c i a t e d  w i c ! ~  scan  N-1. Word K-9 c o n t s i n s  t h e  8 l e a s t  s i g n i f i c a n t  b i t s  of 
SHSEKR N-1 end is  decoded as  de f ined  i n  t h e  p rev ious  paragraph.  
14.7.2.35.1U Word K 1 0  - FHSERR N-1 
This  word conca tena ted  w i t h  word K11 r e p r e s e n t s  t h e  f i r s t  he l f  seen error f o r  
scan N - 1 .  The most s i g n i f i c a n t  b i t  of the  combined word ( K l o  b i t  0) is B s ign 
b i t  ( 0  = p l u s  1 minus) .  The r e m i n i r i g  15 bits (K10 Bir i through Kll b i t  7 )  
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e r r o r s  are b i n a r y  encoded and n e g a t i v e  errors are encoded as t w o  complements. 
The f irst  h a l f  scan error i n  micorseconds is determined as: 
I 
WSERii (Cou~s )10(1 /84 .903)  (16) 
where is t h e  dec ima l  number of c l o c k  p u l s e s .  The f i rs t  h a l f  SCBR ime 
can  be determined by add ing  t h e  e r r o r  t o  t h e  n -1 ti= of 161,164 c l o c k  
p u l s e s  o r  30,364 -82 microseconds . When t h e  T s opera ted  i n  t h e  Bumper Mode 
words K10 and Kl1 are set  t o  z e r o .  
14.7.2.35.11 Word K11 - FHSERR N-1 
T h i s  word conca tena ted  w i t h  word K10 r e p r e s e n t  t h e  f i r s t  h a l f  scan e r r o r  f o r  
s c a n  N-1. Word K11 provides  t h e  8 least s i g n i f i c a n t  b i t s .  
14.7.2.35.12 Word K12 - SUMERR N-1 
T h i s  conca tena ted  w i t h  words K13 and K14 r e p r e s e n t s  t h e  sum o f  e r r o r s  f o r  
s c a n  N-1. Word K 1 2  p r o v i d e s  t h e  8 most s i g n t f i c a n t  b i t s .  Decoding o f  t h e  sum of 
e r r o r s  is to be d e f i n e d .  
word 
14 .7 .2 .35 .13  Word K13 - SUMERR N-1 
This word, conca tena ted  w i t h  words K12 and K L 4 ,  r e p r e s e n t  the sum of  ~ P F O F S  € o r  
s c a n  N-1. Word K13 provides  t h e  c e n t r a l  8 o ign i f i can t  b i t s  of the r e s u l t i n g  24 
b i t  word. The sum of e r r o r  word is  decoded as def ined  in the preceedtng 
paragraph.  
14 .7 .2 .35 .14  Word K 1 4  - SUESERR N-1 
T h i s  word conca tena ted  w i t h  words K12 and K13 r e p r e s e n t s  t h e  sum of  for 
s c a n  K-L. Wxd X I &  p r w i d e s  t h e  8 least s i g n i f i c a m  b i t s  of t h e  r e s u l t a n t  524 
b i t  word. The word i s  decoded as def ined  in Paragraph 14.7.2.35.12. 
e r r o r s  
14 .7 .2 .35 .15  Word K15 - SCNCTR 
This word, conca tene ted  w i t h  word K16, r e p r e s e n t s  t h e  number of  scan pairs  (1 
forward and 1 r e v e r s e  s c a n )  s i n c e  t h e  acan = m o r  assembly e n t e r e d  t h e  c l o s e d  
loop  mde. The combined 16 b i t  word r e p r e s e n t s  a b i n a r y  encoded number wi th  word 
K15 b i t  0 being t h e  most s i g n i f i c a n t  b i t  and word K16 b i t  7 being  t h e  least  
s i g n i f i c a n t  b i t .  The c o u n t e r  increments  fo l lowing  a r e v e r s e  scan.  
14.7.2.35.16 Word 1x16 - SCNCTR 
This word conca tena ted  wi th  word IC15 r e p r e s e n t s  the nurober of scan p a i r s  since 
the scan mi.rror assembly e n t e r e d  t h e  c l o s e d   COP mode. Decoding is riefined 1.11 
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14.7.2.35.17 Word K17 - SCANLIN N-1 
T h i s  word r e p r e s e n t s  t h e  m a n  l i n e a r i t y  p u l s e  f requency  f o r  s c a n  N-1 and is 
dccodec? as d e f i n e d  in Paragraph 14 .7 .2 .35 .3 .  
14 .7 .2 .35 .18  Word K l  - TRINERR N-1 
T h i s  word, conca tena ted  w i t h  word K19, r e p r e s e n t s  t h e  t u r n  around time e r r o r  
a s s o c i a t e d  w i t h  s c a n  N-1 Word K18 prov ides  t h e  8 most s i g n i f i c a n t  b i t s  of t h e  
combined word and is decoded as d e f i n e d  in Paragraph  14.7 .2 .35 .4 .  
14 .7 .2 .35 .19  Word K19 - TRNERR N-1 
Thio word conca tena ted  w i t h  word K18 r e p r e s e n t s  t h e  t u r n  around t i m e  e r r o r  
a s s o c i a t e d  w i t h  scan  N-1. Word K19 prov ides  the  8 least  s i g n i f i c a n t  b i t s  of t h e  
combined word and is decoded as  d e f i n e d  in Paragraph  14 .7 .2 .35 .4 .  
14 .7 .2 .35 .20  Word 20 - TORPLS N-1 
T h i s  word conca tena ted  w i t h  word K21 r e p r e s e n t s  t h e  t u r n  around t o r q u e  pu l se .  
Width f o r  s can  N-1. Word K20 prov ides  t h e  8 most s i g n i f i c a n t  b i t s  of t h e  
combined word and is decoded as def ined  in Paragraph  14 .7 .2 .35 .6 .  
14 .7 .2 .35 .21  Word ?1 - TOWLS N-1 
This  word conca tena ted  w i t h  word a20 r e p r e s e n t  t h e  t u r n  around to rque  p u l s e  
wid th  f o r  s can  N-1. Word K21 prov ides  8 l eas t  s i g n i f % c a n %  of t h e  combined w r d  
and is decoded as  de f ined  i n  Paragraph  1 4 . 7 . 2 . 3 5 . 6 .  
14 .7 .2 .35 .22  Word K22 - SHSERR N-2 
T h i s  word conca tena ted  w i t h  word K23 r e p r e s e n t s  t h e  second h a l f  scan e r r o r  
a s s o c i a t e d  wi th  scan  N-2. Word K22 prov ides  t h e  8 most s i g n i f i c a n t  b i t s  of t h e  
combined word and is decoded a s  de f ined  in Paragraph  14 .7 .2 .35 .8 .  
14 .7 .2 .35 .23  Word K23 - SHSERR N-2 
This  word conca tena ted  w i t h  word K22 r e p r e s e n t s  t h e  second h a l f  s c a n  e r r o r  
a s s o c i a t e d  w i t h  s c a n  N-2. word K23 provides  t h e  8 least s i g n i f i c a n t  b i t s  of t h e  
combined word and i s  decoded as d e f i n e d  i n  Paragraph 14 .7 .2 .35 .8 .  
14 .7 .2 .35 .24  Word K24 - FHSERR N-2 
This  word Concatenated w i t h  word K25 represents t h e  f i r s t  ha1.f ncan error 
a s s o c i a t e d  w i t h  s can  N-2. Word R.?4 provides the 8 most s i g n i f i c a z t  b i t s  and t u  









14.7 .2 .35 .25  Word K25 - L’BSERR N-2 
T h i s  word, conca tena ted  wieh word K24, r e p r e s e n t s  t h e  f i r s t  half scan e r r o r  
a s s o c i a t e d  with s c a n  N-2. Idord K25 prov ides  t h e  8 least significant b i t s  of t h e  
coubfned word a& i s  decoded 85  d e f i n e d  i n  Paragraph  14.7.2.35.10.  
14.7.2.35.26 Word K26 - SUMERR N-2 
T h i s  word, conca tena ted  with words K27 and K28, r e p r e s e n t s  t h e  sum of e r r o r s  f o r  
s can  N-2. Word IC26 p rov ides  t h e  8 most a f p i f i c n n t  b i t s  of t h e  combined word and 
is decoded as  d e f i n e d  i n  Paragrapn  14.7 .2 ,35 .12 .  
14.7.2.35.27 Word K27 - S W R R  N-2 
This word, conca tena ted  w i t h  words K26 and R28, r e p r e s e n t s  the sum of e r r o r s  
a s s o c i a t e d  w i t h  scan  3-2. Word K27 prov ides  t h e  8 c e n t r a l . b f t s  of t h e  combined 
24  b i t  word, and 1s decoded as d e f i n e d  i n  Paragraph 14.7.2.35.12.  
14.7.2.35.28 Word K28 - SUMERR N-2 
T h i s  word, conca tena ted  wi th  words K26 and K27, r e p r e s e n t s  t h e  sum of e r r o r s  
a s s o c i a t e d  w i t h  scan  N-2. Word K28 provides  t h e  8 l e a a t  sf&nfffcant b i t s  of t he  
combined word and i s  decoded as def ined  i n  Paragraph  14.7 .2 .35 .12 .  
14 .7 .2 .35 .29  Word K29 - SC?$TYN M-2 
T h i s  word conca tena ted  wi:h words K30 and K31 f e p r m m t s  fhe  time r e q u i d &  f o r  
scan N-2. Word 1129 prov ides  t h e  8 most s i g n i f i c a n t  b i t s  of t h e  combined word. 
Decoding of  s c a n  tine is t o  be de f ined .  
14.7 .2 .35 .30  Word WO - SCNNTYM N-2 
T h i s  word Concatenated w i t h  word K29 and IC3i r e p r e s e n t s  t h e  s c a n  r equ i r ed  
f o r  5can N-2. Word K30 prov ides  t h e  c e n t r a l  8 b i t s  of t h e  combined 24 b i t  word 
and is  decoded as d e f i n e d  in t h e  p rev ious  paragraph .  
14.7 .2 .35 .31  Word 31 - SCNTYM N-2 
time 
T h i s  word conca tena ted  wi th  words K29 and K30 r e p r e s e n t s  t h e  time r equ i r ed  f o r  
scan N-2. Word K31 provides  the 8 least s i g n i f i c a n t  b i t s  of t h e  combined word 
and is decoded as de f ined  i n  Paragraph  14.7 .2 .35 .29 .  
14 .7 .2 .35 .32  Word K32 - TBD 









. . .  
i 
i . .  
L 
(-j;.,Q!N,qL PAGi E 
SVS- 1026 6 
31 December 1981 
OF POOR Q U ~ L i ~  
14.7  - 2  -35 .33  
These words ae unused. 
1 4 . 7 . 2 . 3 6  
This  t e l e m e t r y  word moni tors  t h e  s t a t u s  of t h e  DC Restore  S e l e c t i o n ,  Telemetry 
S c a l i n g ,  SMA Heaters, Midscan Code and Scan Mir ro r  Central  Mode. TWORDL is 
de f ined  as: 
Word K33 through K128 
S e r i a l  T e l e n e t r y  Word L (TI.IOmL) -- 
The b i t s  compr is ing  TWORDL are: 









DC Res to re  Backup/Nonnal 
DC Res to re  Frame/Not 
Telemetry S c a l i n g  O n / C f f  
SMA CZ Heater Enabled/Msabled  
SMA -2 Heater Enabled/Ildsabled 
Midscan Pulse On/Off 
SAM t o  SXE 1/2 
S p a r e  B f t  = 1 
14.7.2.37 DC Res to re  S t a t u s  (TDCRSTAT) 
T h i s  t e l eme t ry  f u n c t i o n  moni tors  t h e  s e l e c t i o n  of DC r e s t o r a t i o n  
used f o r  band 6 p rocess ing .  TDCRSTAT is d e f i n e d  as: 
-
s i g n a l  
B i t  Weight 21 20 
User I D  TMllZ TM112 
B i t  I D  so Sl 
The event  l o g i c  a s s o c i a t e d  w i t h  TDCRSTAT is: 
DC Res to re  TDCRSTAT 




0 0  
1 0  
" 1  
t o  be 










31 December 1981 
The t e l e m e t r y  is der ived  a s  shown i n  F i g u r e  14.7-60. TPflf2 (Sl) d e f i n e s  t h e  
state of t h e  Frame DCR select r e l y .  A l o g i c  1 i n d i c a t e s  t h a t  t h e  DC r e s t o r a t i o n  
s i g n a l  is being  d e r i v e d  from t h e  Frame t e n p e r a t u r e .  A logic  z e r o  i n d i c a t e s  t h a t  
t h e  DC r e s t o r e  s i g n a l  is being derived Prcin the celibratfoa or backup shutter 
t empera ture .  TM112 ( S @ )  d e f i n e s  t h e  state of c a l i b r a t i o n  o t t e r l b a c l q  s h u t t e r  
DCR s e l e c t i o n  r e l a y .  A l o g i c  0 i n d i c a t e s  t h a t  t h e  Lx .re o r a t i o n  signal. is 
d e r i v e d  f r o n  t h e  c a l i b r a t i o n  s h u t t e r  t empera tu re  (if Frame DCR has  not been 
s e l e c t e d ) .  A l o g i c  1 i n d i c a t e s  t h a t  t h e  t empera tu re  o f  t h e  backup s h u t t e r  is t h e  
sou rce  of t h e  DC r e s t o r a t i o n  s i g n a l  ( a g a i n  assuming Frme DCR has no t  beera 
s e l e c t e d .  TDCRSTAT may be u t i l i z e d  in t h e  v e r i f i c a t i o n  of t h e  followin@; 
coolmands. 
Command TDCRSTAT 
Number Acronym S t a t e  
706 CSHTRO N 
803 BUSHTRON 
732 DMAGOFF 
0 0  
1 0  
* l  
* don’t care (1 o r  0) 
TDCRSTAT is v a l i d  on ly  i f  DCR is On. 
14.7.2.38 Telemetry S e a l i n g  and DC Res tore  Stetus; (FTLVSCAL) 
This  t e l e m e t r y  f u n c t l o n  monl tors  t h e  s t a t u s  of t h e  t e l eme t ry  scaling and DC 
r e s t o r a t i o n  c i r c u l t s .  TTLMSCAL is d e f i n e d  a s :  
-_I_ 
B i t  Weight 
User I D  
B i t  I D  
2 O  
TM112 
s2 
The even t  l o g i c  a s s o c i a t e d  wi th  TmfSCAL is: 
. 
Telemetry ScalLng TTLMSCAL 
& DC R e s t o r a t i o n  S t a t e  -- 
On 1 
O f f  0 
The t e l eme t ry  i s  de r ived  a s  sbown ir F i g u r e  14.7-64. TMl12 (S2; moni tors  t h e  4-12 
volt o u t p u t  of t h e  t e l eme t ry  scaling r e g u l a t o r .  A 10~4: L i n d i c a t e s  919 v z l t  
po%er h a s  been a p p l i e d  t o  e e l e n c t r y  s - e l i z g  217. > c l t  rgu l s to r s  and i t  can  be 
assumed t h a t  t h e  DCR -+I2 ilo1-t r e i e l a t o r s  a te  powered. k 1ogI.c zero i n d i c a t i n g  




TTLMSCAL m y  be used i n  t h e  v e r i f i c a t i o n  o f  t h e  fo l lowing  commands. 
COUI!%3d 
Number Acronym 
801 TLMSCLON 1 
742 DCRTMOFF 0 
14.7.2.39 Scan Mi r ro r  Con t ro l  S t a t u s  (TSAMSEL) 
This t e l eme t ry  f u n c t i o n  moni tors  t h e  s e l e c t i o n  s t a t u s  of t h e  s c a n  m i r r o r  c o n t r o l  
mode. TSAMSEL is  d e f i n e d  as: 
-- 
B i t  Weight 
User I D  




The event  l o g i c  a s s o c i a t e d  wi th  TSAMSEL is: 
Scan Mi r ro r  
Mode -
SAM 1 t o  SME 1 
SAM 2 t o  S l E  2 
TSMSEL 
S t a t e  --.- 
1 
0 
The t e l eme t ry  i s  d e r i v e d  as shown i n  F igu re  14.7-65. TM112 (56)  d e f i n e s  t h e  
power s ta te  of t h e  b u f f e r  a m p l i f i e r s  t h a t  supply  m i r r o r  p o s i t i o n  s i g n a l s  t o  scan  
m i r r o r  E l e c t r o n i c s  (SME) #l. A l o g i c  1 i n d i c a t e s  t h a t  t h e  b u f f e r  which provide  
SAM (Scan Angle Monitor)  s i g n a l s  t o  SME 1 and magnet ic  pick-up d e r i v e d  s i g n a l s  
t o  SHE 2 have been powered. A l o g i c  z e r o  i n d i c a t e s  t h a t  t h e  b u f f e r s  t h a t  supply 
SAM der ived  s i g n a l s  t o  SIG 2 and magnet ic  pick-up d e r i v e d  s i g n a l s  t o  SME 1 have 
been s e l e c t e d .  
TSAMSEL may be u t i l i z e d  i n  t h e  v e r i f i c a t i o n  of t h e  fo l lowing  commands. 
Commrtnd TSAMSEL 
Number Acronym S t a t e  
7 50 SELSAMl 1 
831 sELsAM2 0 
14.7.3 TM TELEMETRY DERIVATION SCHEMATICS 
The fo l lowing  f i g u r e s  d e p i c t  t h e  t e l eme t ry  d e r i v a t i o n  c i r c u i t s  r e fe renced  i n  t h e  
preceding  paragraphs .  The f i g u r e s  are a r r anged  by figere number and do  not  have 
page numbers. For  ease of unde r s t and ing ,  t h e  f i g u r e s  may be i n s e r t e d  i n  t h e  
a p p r o p r i a t e  l o c a t i o n s  i n  Paragraphs  14.7. L and 14.7.2. 
LSD-WC-263 
14-170 
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+19 V O L T  MOMITX (TU-03) 
' +19v BUS (PS#l  ) +19V BUS (PSW2) 
9K 
4- i 1 9 V  RTN (PS#2) +19V RTN ( P S % l )  - 
T E L E M E T R Y  RTN 4 L+ T E L E M E T R Y  RTN 




-19 V o l t  Yonitor (TI4 04) 
-15V BUS )--- 
TLM PTN L T L M  RTN 
Figure 14.7-3. -14V High Current Bus Nonitor 
14-173 
TLM RTN 3 
f 
Figure 14.7-4. +8V Bus Monitor 
SFS-10-66 
31 Dececber 1481 
14-174 
,. ., . ._ 
SV3-10266 
31 December i981 
! --(+8OV ?US (PS#2) 
Figure 14.7-5. +80V Bus Monitor 
I 
t 3 3 v  BUS ( P S # l )  
t33V RTN (Ps#l) 933v R I M  i P S # 2 )  
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-4 CIOV (PSWr“) 
TELEMETRY 
I D  
4 bi “179 
TM- f 1 
1M-13 
TM-15 
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-19v (PSd! 















Figure 14.7-9. Band 1 thru 6 -19V Monitor 
-19 V o l t  Flonitc 
14-179 
t 
SVS-10 26 6 
31 December. 1981 
+9V CDVU BUS 
1-1 TLM RTN 
Figure 14.7-10. f9V CDVU Monitor 
14-180 
" I  
i 
+6.8V SMA BUS 
7 
96.W RTN (PSt f l )  -+ 6.8V RTN (PSb2) 
TLM RTN 
SVS-10266 
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+27\1 SMA BUS 
+27V (PSI1)  >-. 
+27V RTN (PS# l )  - 
TN-29 
A 
-27V SMA BUS 



















14 - 1 8 3 
30V BUS 1 TM-31 
TLW RTN 
I 
MUX h - D C  
CONVERTER 
Figure. 14.7-14. MUX Input Current Mor:itor 
SVS-10266 
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1.6 
TF-32 
N R Z - L  (T) 
N R Z - L  (F) 
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+5.2V ANALOG BUS 
1 .  
7. 
Tkl-33 
Figure 14.7-16. Multiplexer +5V Monitor 
14-186 
Tfl-34 
Figure  14.7-17. M u l t i p l e x e r  +18V Monitor 
14-187 
SVS-10266 





-2.3V BUS Tt4-35 
Figure 14.7-18. Multiplexer -3V Monitor 
svs-10261 
31 December 198. 
- 5 V  BUS TM-36 
Figure 14.7-19. dultiplexer -5V Monitor 
SVS-10266 
31 December 1981 
14-159 
. *  . . . . . . , -~T ~ .~ . . ‘ - . .., I, . . .*, . . . . . .  ><.+:.-- .... 
SV S-LO 26 6 
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44.2K 3K 
-13V BUS TM-37 
F i g u r e  14.7-20. Mul t ip l  er  -13V Moaitor 
14-190 
F- 
t :  
I .  
NAME 
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Tt l -41 
TFI .- 4 2 
T M - 4 3  
SVS-10266 
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1 
SLC #l 





'f 301K 49.9U 
TM-44 
1 I 
Ffgurc  14.7-22. Scan L i n e  Corrcctnr Dr ive  Current Monitor 
i 
SVS-10 26 6 
SLC t 1 5 V  BUS 
TELEHETRY 
( TM - 4 6 / TM - 4 8 ) 
SLC -15V BUS 
I .s - 1 9 3 
TELEMETRY 
SLC +5v BUS 
(TM-47 & TM-49) 
1 OK 
Figure 14.7-24. SLC +5V Monitor 
SVS-10266 
31 December 1981 
NORMAL 
TE LEMEFR Y 
(TN-50,51,52) 





Figure  14.7-25. C a l i b r a t i o n  Lamp Cur ren t  Monitor 
i 
14-195 
b ’  
i 
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TM-53 
Q 
Figure  14 .7 -26 .  Blackbody Heater Cur ren t  Monitor 
I 
i 
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31 December 1982 
+80V tl5V 
OUTGAS ON 
OUTGAS CCNTRCL (m) 
BACKUP CONTROL (e-) 
TM-55  
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60.4K 
I 
Figure 14.7-29. Inchworm Position Monitor 
TELEMETRY 
[ TF.1- 56 ,57 
i 1 2 V  
TM-57 
$l OOK 
Figure 14.7-30. Blackbody Temperature Monitor 
+6.4V k YSI34006 
SVS-107.66 
31 December 1981 
TY-60 






QUALITY 31 December 1981 
t 1 2 v  
'I ELCMETRY 
(TM-51 $62)  
Figure 14.7-32. Shutter Temperature Honitor 
499K 
r - 7  
5.9K 
PRT 
I N  f 3 1 3  
( 2 )  
SVS-10266 
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48iK 
TM-65 
INT. SYS TEIM A (COLD) 
TM-66 
INT SYS TEMP B (h3T)  
F i g u r e  14.7-34. I c t e r m e d i a t e  S tnge  Temperatiire Monitors  
Figure 14.7-35. CFPA Temperature Monitor 
14-205 
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-1 5V 




YS i 44C06 
* (TM-69) 
Figure 1 4 .  7-37. Bufflc Ttwiper:iturc? Elonitor 
SVS-10266 
31 ~acelnber 1982 
i 
SQS-10266 
31 December 1981 




TM-71, 72, 73, 74, 75, 79, 80, 81 , 82, 84, 85, 36, 93, 94, 95, 96, 97, 100 










l rnA RETURN 
*TM-87, 88, 89, 90, 91, 92 
Figure  14.3-39. Tyep 2 Tempernture Monitor 
10-209 
f 
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*TM-76, 77, 78, 83, 98, 99 
F i g u r e  14.7-40. Type 3 Temperature ?ionitor 
14-210 
, 
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TBD 
(TO BE SUPPLIED BY HUGHES) 
Figure 14.7-42 .  Thermal Shut Down S t a t u s  Xonjtor 
14-212 
SVS-10266 
31 December 1981 
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F i g u r e  14.7-46. Band 1 thru 7 Status Moniror 
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GLOBAL POSITICE?INC SYS’Ek I  
The Global  P o s i t i o n i n g  System (GPS) providea  t h e  LANDSAT-D and LANDSAT-D Prime 
u i t h  a n  au tomat i c  on-board s p a c e c r a f t  n a v i g a t i o n  system. The GPS c o n s i s t s  of a 
c o n s t e l l a t i o n  of n a v i g a t i o n  e a t e l l i  tes known as Naviga t ion  Development 
S a t e l l i t e s  (NDS) and a GPS Subsystem l o c a t e d  on-board t h e  s p a c e c r a f t .  The GPS 
Subsystem p rocesses  s i g n a l s  r ece ived  concurrent1.y from up t o  f o u r  NylS’s. Based 
upon measurements made OR t h e s e  s i g n a l s ,  t h e  GPS Subsystem computer estimates 
t h e  spacec ra f t ’ s  t h r e e  d imens iona l  p o s i t i o n  and v e l o c i t y  v e c t o r s  a t  a s p e c i f i c  
PoirJt i n  t i m e .  The GPS time is  e s s e n t i a l l y  t h e  UTC (Un ive rea l  Time Coordtnated)  
measured i n  seconds s i n c e  Sa turday  midnight  a t  which time t h e  GPS time i s  reset 
( p r e s e n t l y ,  t h e  GPS t i m e  i s  o f f s e t  by UTC by 3 seconds) .  
A l l  of t h e  planned NDS’s may no t  be i n  o r b i t  when t h e  LANDSAT-D o r  t h e  LANDSAT-D 
P r i m e  is  launched and t h e r e  may be times when no Naviga t ion  Development 
S a t e l l i t e s  are i n  view. During t h e  time when less than  t h e  r e q u i r e d  number of  
sa te l l i t es  are i n  view, th?  GPS Subsyetem w i l l ,  under  so f tware  c o n t r o l ,  swi t ch  
t o  a propagate  mode; and based upon p a s t  da t a ,  prooagnte  t h e  c u r r e n t  naviga:ion 
s a l u t i o n  ( s t a t e )  forward i n  t fw. 
The GPS Subsystem p e r i o d i c a l  l y  ( n o a i n d l y  cnce  every  6 seconds) a u t p u i s  t he  
c u r r e n t  nev iga&ion  s ta te  t o  khe a p a c e c r a l  t Comaunicntion and Data HanJi ing 
(ChDH) subsystem f o r  use  by t h e  s p a c e c r a f t  on board computer (OBC). The OBC 
t r ans fo rms  t h e  n a v i g a t i o n  updates  i n t o  t h e  proper c o o r d i n a t e  systems which a r e  
u t i l i z e d  by t h e  a t t i t u d e  c o n t r o l  sys tem,  and f o r  t h e  computat ion of t h e  h igh  
g a i n  an tenna  p o i n t i n g  ang le s .  The p o s i t i o n ,  v e l o c i t y  and tine d a t a  are a l s o  
downlinked v i a  t e l e m e t r y  f o r  u s e  by t h e  ground s t a t i o n .  
The ionosphere  can a f f e c t  t h e  propagat ion  times. The GPS s a t e l l i t e s  send t h e  
n a v i g a t i o n  d a t a  on two s e p a r a t e  c a r r i e r s  r e f e r r e d  t o  a s  L and L2 carrier 
f r equenc ie s .  The GPS Subsystem measures the  pseudorange and d e l t a  pseudorange 
on both  t h e  L1 and L2 f requency s i g n a l s ,  estimates the  e r r o r  chueed by t h e  
ionosphere  and a p p l i e s  t h e  a p p r o p r i a t e  c o r r e c t i o n  f a c t o r s  t o  t h e  LL c a r r i e r  
m?asurem@nts. 
Landsat-D i s  one of t h ?  f L r s t  NASA s p a c e c r a f t  scheduled  t o  c a r r y  t h e  GPS, and a 
pe r iod  of s e v e r a l  months 1s planned f o r  evaluntLon and experintenat ion.  
Ephemeris a c c u r a c i e s  w i l l  be v a l i d z t e d  and t h e  o v e r a l l  performance of t h e  CPS 
Subsystem will be ilssessed. The GPS ubsystem w i l l ,  on ccimdnd, ou tpu t  a series 
of  d a b  f i l e s  i nc lud ing  a complete  memory dump w h l i h  Ln t h e  event o f  
c a n t t n g e n c i e s ,  can  be used f o r  diagnos t i c - 6 .  
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15.1 CPS-SUBSYSTW- PUNCTLOMAL DESCRZYTXGN ---- 
The GPS Subsystem c o n s i s t s  of t h e  coropocents shown in F i g u r e  15.1-1. The 
Rece ive r lP rocesso r  Assembly (RIPA) i n c l u d e s  t h e  p rocesso r  computer which 
computes t h e  n a v i g a t i o n  s o l u t i o n  ( s ta te ) ,  c o n t r o l e  t h e  r e c e i v e r  c o n f i g u r a t i o n  
and c o n t r o l s  t h e  o p e r a t i o n  of t h e  oystem. The fo l lowing  s u b s e c t i o n s  d e s c r i b e s  
t h e  f u n c t i o n  of each  of t h e s e  componenta: 
15.1.1 L l / L 2  ANTENNA 
The GPS antenna  r e c e i v e s  both  t h e  Ll and L2 f requency  signals. 
t h e  
t o  t h e  boom, t h e  L l / L 2  Antenna p rov ides  a g e n e r a l  hemisphe r i ca l  p n t l e r n .  
It is mounted on 
t h a t  s u p p o r t s  t h e  TDRSS high g a i n  an tenna  and excep t  for blockage due  boom 
15.1.2 L l /L2  PREAMPLIFIERS 
Tho d u a l  channel  p r e a m p l i f i e r  f i l t e r s  t h e  L1 and L2 frequency s i g n a l s  and 
provides  f ront-end ga in .  I t  c o n s i s t s  of two p r e s e l e c t i o n  RF f i l t e r s  each 
fo l lowd by a low n o i s e  RF a m p l i f i e r .  The L l  and L2 f requency  signals are 
e l e c t r i c a l l y  i s o l a t e d  i n  t h e  precmp and tccoiabined t o  form t h e  i n p u t  into the 
S p l i t t e r .  
IS . I  - 3  F-EFEREMCE OSCILLATOR 
The r e f e r e n c e  o s c i l l a t o r  is an u l t r a - s t a b l e  osc i l lacof  similar t~ t h e  
Communications & Data Handling Subsystem (C&DR) e x t e r n a l  o s c i l l a t o r .  The GPS 
Subsystem O s c i l l a t o r  p rov ides  t h e  p r e c i s i o n  master 5.115 MHz f requency Rignal 
source  used throughout  t h e  GPS Subsystem f o r  f requency  8yn thes i zes  and tfmfng. 
Even though t h e r e  are commands t o  select e i t h e r  o s c i l l a t o r  #I or # 2 ,  t h e r e  f a  
o n l y  one GPS Subsystem o s c i l l a t o r  aboard Landsat-D o r  landsat-D Pr ime and i t  is 
r e f e r r e d  to as o s c i l l a t o r  #l. 
The o s c i l l a t o r  t e l eme t ry  parameters  c o n s i s t  of oven tempera tures ,  o s c i l l a t o r  
c a s e  t empera tu res ,  r e g u l a t o r  v o l t a g e s  and h e a t e r  vo l t ages .  
T h e  o s c i l l a t o r  r e q u i r e s  about  2 hours  t o  s t a b i l i z e  p r i o r  t o  e n t e r i n g  a 
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15.1 - 4  GPS SUESYSTEM RECEIVERS 
I 
The R/PA contafrls two Rece ive r s  e i t h e r  of which c a n  t r a c k  s i g n a l s  from a 
p a r t i c u l a r  NDS. Each r e c e i v e s  i s  a t r i p l e - c o n v e r s i o n ,  s i n g l e  VCXO d e s i g n  which 
c o n t a i n s  a carrier t r a c k i n g  (COSTAS) loop ,  a code t r a c k i n g  loop  and t h e  d a t a  
d e t e c t i o n  (demodulation) c i r c u i t r y .  Also, each r e c e i v e r  c o n t a i c s  i t s  own 
f requency  s y n t h e s i z e r  which i n p u t s  the 5.115 MHz Reference  O s c i l l a t o r  s i g n a l  and 
g e n e r a t e s  a l i  of t h e  s i n g l e  f requency  s i g n a l s  r e q u i r e d  for f requency  convers ion .  
The CPS Receivero are phase d e t e c t o r s  and t h e  r e c e i v e r  f u n c t i o n a l  d e s c r i p t i o n  
starts w i t h  a d e f i n i t i o n  of t h e  i n t r e n s i c  p r o p e r t i e s  of the s i g n a l s  to be 
processed  ( locked  o n t o  and t r a c k e d ) .  NDS t r a n s m i t  tvo n a v i g a t i o n  s i g n a l s :  A 
Primary Nav iga t ion  S i g n a l  which i s  t r a n s m f t t e d  on  the  L1 f requency  carrier and a 
Secondary Nav iga t ion  S i g n a l  which i s  t s a n s n i t t e d  on t h e  L2 f requency  carrier. 
The L1 s i g n a l  i s  a composite wave made up  of a P r e c i s i o n  (P)  S i g n a l  and a 
Coar se /Acqu i s i t i on  ( C I A )  Signa l .  Both t h e  P-Signal and t h e  ( C I A )  S i g n a l  are 
t r a n s m i t t e d  s imul t aneous ly  on t h e  L1 carrier and one o r  t h e  o t h e r  i s  t r a n s m i t t e d  
on t h e  L2 csrrier. The sys tem n a v i g a t i o n  d a t a  are t r a n s m i t t e d  at a l l  times on 
bo th  t h e  L1 and L2 f requency  carriers.  
The ?-Signal is a cont in lmus  s i n u s o i d a l  wevc t h a t  is biphas9  m o d d a t e d  acco rd ing  
t o  t h e  Modulo-2 sum of a '?X code and a aynchronorirs d a t a  b i t  stream. A t  any 
p o i n t  i n  t i u e ,  each  NDS w i l l  transiidZ a t ia ique  P-Code. "ilie ( C I A )  Signal is a 
con t inuous  s i n u s o i d a l  wave t h a t  is  i n  q u a d r a t u r e  w i t h  t h e  P-Signal. It i s  
b iphase  modulated wi th  t h e  Module-2 sum of a 1023 bit Gold code sequence  and a 
synchronous d a t a  b i t  stream. One of  t h e  36 unique  codes  w i t h i n  t h e  1023 b i t  
Gold code w i l l  be used as  t h e  (CIA) s i g n a l .  
The r e c e i v e r  p rocess ing  f u n c t i o n  ( so f tware )  mon i to r s  the receiver o p e r a t i o n  and 
performs t h e  r e c e i v e r  c o n t r o l  f u n c t i o n s .  I t  c o n t r o l s  t h e  r e c e i v e r  hardware 
modes r e q u i r e d  t o  do  t h e  fo l lowing :  s e a r c h ,  d e t e c t ,  p u l l  in and t r a c k  t h e  
s i g n a l  t r a n s m i t t e d  by a p a r t i c u l a r  Nav iga t ion  Development Sa te l l i t e .  I t  a l so  
assembles  the  hardware demodulated 50 bps  d a t a  i n t o  r a w  30  b i t  d a t a  words. 
The  R/PA P r o c e s s o r  memory r e t a i n s  t h e  almanac d a t a  f o r  t h e  s p a c e c r a f t  and f o r  
each  NDS. The i n i t i a l  almanacs are upl inked  by R/Fh Data Command Messages. See  
Paragraph  15.6,  Command Process ing  which d e f i n e s  t h e  commands used t o  upload t h e  
i n i  t i a l  almanacs.  
T h e  GPS measures t h e  d i s t a n c e  and v e l o c i t y  o t  each MIS relative LO r.he GPS 
Subsystem on-board t he  s p a c e c r a f t ;  end based tipon these measuresents, t h  GFS 
subsystem estimates t h e  Spacec ra f t ' s  p o s i t i o n  and v e l o c i t y  a t  a s p e c i f i c  p o i n t  
i n  t lw .  T h e  pseudorange and d e l t a  pseudorange are t h e  measurements be fo re  t h e  
time c l o c k  c o r r e c t i o n .  
The CPS Rece ive r  a c a u i r e s  t h e  s i g n a l  from t h e  s e l e c t e d  NDS as fo l lows:  
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The receiver ases 
dopp le r  and 
pseudorange and d e l t a  pseudorange f o r  t h e  s e l e c t e d  s a t e l l i t e .  
tW-5 i n f o m a t i o n  t o  p re -pos i t i on  the r e c e i v e r  VCXO t o  tile expec ted  
d o p p l e r  rate.  
The can  a c q u i r e  a n  NDS s i g n a l  wt;err the  i n i t i a l  expec ted  v a l u e s  are as 
gross as 200 kol and 2OOm/s (3-slgme error).  The i n l t i a l  c l o c k  v a l u e  s t o r e d  
(set)  i n  t h e  T i m e  Code Genera to r  by R/PA Cata Command can b e  as g t o s e  as 2 
seconds  when the  d i s c r e t e  ca,mmand TCG Run i s  i s s u e d .  
r@ceiver 
The receLver  searches t h e  u n c e r t a i n t y  r eg ion  u n t i l  i t  o b t a i n s  a carrier l o c k  and 
a c lea r  ( C / A )  code l o c k  i s  d e t e c t e d .  T1.r r e c e i v e r  i n c l u d e s  an AFC loop which 
speeds  up  t h e  i n i t i a l  carrier search .  
Once t h e  Rece ive r  d c q u i r e s  an N D S ,  t h e  R/PA co l l ec t s  p r e c i s e  ephemeris  
i n fo rma t ion  f o r  t h e  acqu i r ed  NDS and c a n ,  i f  necessa ry ,  col lect  less prec'se 
almanacs f o r  o t h e r  s a t e l l i t e s  i n  the  NDS c o n s t i l l a t i o n .  Fol lowing P-code l a c k  
and b i t  sync ,  the  ephemer is ,  t i m e  c o r r e c t i o n ,  almanac and h e a l t h  s t a t u s  are a l l  
r e a d  i n t o  t h e  p rocesso r .  The Alwanac C o l l e c t i o n  i s  c o n t r o l l e d  by R/PA Cats  
Command Message as follows: 
1. Permanent Col1ectio:i - con t fnaeo  t o  read  NDS a h a n a c  d a t a  i l n t t l  
commanded OFF (Rece iver  T e s t  %ode only) .  
2 .  Temporary Col lec tLon - c o n t i n u e s  t o  r e s d  N D S  Almanac data unt.21 a 
complete  new allnanac is  c o l l e c t e d  (all nav iga t ion  modes excep t  t h e  
Rece iver  T e s t  Mode). 
3 .  P e r i o d i c  C o l l e c t i o n  - con t fnues  t o  r e a d  NDS almanac d a t a  u n t i l  a 
comple te  new almanac i s  c o l l e c t e d  a t  N hour  i n t e r v a l s  - n o t  less than  
a t h r e e  hour  i n t e r v a l  (Space Mode Only}. 
During normal o p e r a t i o n ,  t h e  complete  NUS almaxac i s  a u t s r o n t i c a l l y  updated 
a week. 
once 
T h i s  completes  t h e  d e s c r i p t i o n  of t h e  housekeeping f u n c t i o n .  The Receiver's 
f u n c t i o n  t o  measure t h e  pseudorange and d e l t a  pseudorange used t o  update  t h e  
S p a c e c r a f t  Naviga t ion  S t a t e  are cons idered  next .  
The two GPS r e c e i v e r s  can  be used e i t h e r  s i n g l e l y  o r  t o g e t h e r .  The r e c e i v e r s  
consume about  40 w a t t s  i n  t h e  d u a l  channel  mode and about  32  v a t t s  i n  t h e  s i n g l e  
channel  mode. D u r I n g  n o r z a l  o p e r a t i o n  o n l y  o n e  receiver  i s  po;iercd and the il 
and L.? measurements are  inade s e q u e n t i a l l y  a s  shown f a  Figure  15.i-2. I n  t h i s  
=ode, t h e  R / P A  dwe l l s  f a r  six seconds on  each ?!DS w i t h  approximate ly  half cf t h e  
t i n e  spent  on each  frequency.  However, i n  t h r e e  seconds trle s p a c e c r a f t  w i l l  
have moved a l o n g  i t s  t r a c k  and  t h e  ionosphe r i c  cond i t ione  could have changed 
s l i s h t l y .  Consequent ly ,  both r e c e i v e r s  can be powered and t h e  L1 and L2 
frequency measurements made s lmul t anecus ly ,  see Figure  15.1-3. The d u a l  
r e c e i v e r  mode p rov ides  more a c c u r a t e  ionosphe r i c  cor rec t  foris a t  t h e  expense of 
about  8 w a t t s  of power. 
L SD - b P C -  2 6 3 
15-5 
SPS-10266 
31 December 1981 
I 
, - .  
F i g u r e  15 .l-2. S i n g l e  Channel NDS Sequent ia l  Track 
i 
15-6 
Figure 15.1-3. Dual C h a n n e l  N D S  S e q u e n t i a l  
1 5 - 7  
j 




3 .  Management of the  dual channel r e c e i v e r  hardware to 
acquire and track N I X  s i g n a l s  based on uplinked i n f o m t f r ’  
estimates cf current and predicted NDS and Landeat-a p 
channel o f  the  rece iver  is  s e l e c t e d  by cotmuand 8 8  Khe ~ t ”  
the other  ( i f  s e l e c t e d )  i s  the aocondrry channel .  
navigat ion data are  obtained from the  prtmary chantlel. 
measurements of pseudo range c. ’ d e l t a  peeudorange BXCB 
‘ f f  
any s e l e c t e d  channel. 1 
* 
15-8 
. ‘.. I . __.. ... . . . .I L . _, . . I.. . 
’., 8 , t ’. 
15.3.2.3 Almanac C o l l e c t  Mode P rocesso r  ----- 
The R/PA processo r  r e q u i r e s  3n almanac f o r  tmh t h c  S p a ~ + .  * + ’  
Naviga t ion  DeveLopment S a t e l l i t e  be fo re  i t  ~ n n  dcquirts t h e  f - - & - <  
Landsat-D Almanac i s  uploaded by R / P R  Data Cornitxrnrl type 5 and t i t + -  ’ -’; 
almanac f o r  all Naviga t ion  Development S a t e l l i t e u ,  a d  thc ?;I>!; 6 ’  SA.- 
ob ta ined  by demodulat ing t h e  s i g n a l  from t h e  NUS c u r r e n t l y  L-clii;: ? % ~ ‘  
a re  i n i t i a l l y  uplosded by R/PA Data Command type 6 .  E a c h  f . -  , I  ~ 
15.3.2.4 S e q u e n t i a l  Track S t a t e  P rocesso r  
-I---
Each NDS con t inuous ly  t r a n s m i t s  i n fo rma t ion  r j i l  bo th  t h o  1 ! . *: 
f r e q u e n c i e s .  The s e q u e n t t a l  t r a c k  s t a t e  p rocesses  the two z a r r f r  * % ’  
I n  t h i s  s t a t e  t h e  moni tor  c o n t r o i s  the f l x e d  d w c l t  e i = s  ~ u c d  f C , ,  = 
of NDS s i g n a l s ;  p rov ides  r e g u l a r  t e l eme t ry  t 1 ~ i i 3 3  t l i c  t r ! ~  * c y - r :  
f u n c t i o n ;  t h e  BIT background sclf tes t  loop  r~:s: \ t l .~!  15 rii 
t h e  n a n i t o r  regtt ldr!y i n w k e s  t h e  sntel  l i t e  : :c i~-c- t ian  fi?il:t iL j t I  
up t o  f o u r  :.IDS s a t e l l i t e s  t h a t  a re  to  be uaed cu i t cu rnen t l i  b y  
Eunct ion .  
. .  Naviga t ion  s t a t e :  When t h e  GPS Subsystem I n  trrr*ckirls t i t 2  I * .  
number of sate111 t e s ,  t h e  r e c e i v e r  measures t l i s -  pseudorank,* J 
pseudorange. T h e  nav iga t ion  f u n c t i o n  rcadu t lie EivaiiabLe # > -  + * .  ~ 
updates  t h e  navigation s t - i t e .  
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Nav iga t ion  f i l t e r  p rocess ing  which i n p u t s  t h e  measurements on a number 
of NDS and forms an opt imized  estimate of t h e  s p a c e c r a f t ” s  p o s i t i o n  
v e c t o r  and v e l o c i t y  v e c t o r  a t  a s p e c i f i c  p o i n t  fc the.  
Downlink t r a n s m i s s i o n  of  system o u t p u t  t e l e m e t r y  inc lud ing  Landsat-D 
p o s i t i o n ,  v e l o c i t y  and M)S system time, t i m e  code g e n e r a t o r  (TCG) 
i n fo rma t ion ,  pseudorange and d e l t a  pseudorange measurenents  , and 
s t a t u s  in fo rma t ion ,  a l l  a t  i n t e r v a l s  s e l e c t a b l e  by command. 
BIT { B u i l t  I n  T e s t  f u n c t i o n )  d i a g n o s i s  t h a t  i n c l u d e s  p rocesso r  CPU and 
memory t e s t i n g  and r e p o r t i n g .  
15 -2  -2 GPS PROCESSOR SOFTGIARE REQUIREMENTS 
The R/PA s o f t i a r e  is r e q u i r e d  t o  perform t h e  fo l lowing  twelve t u n c t i o n s :  
1. 
2 .  
3 .  
4 .  
5. 
System Monitor: The R/PA system monitor  c o n t r o l s  t h e  fo l lowing:  2 )  
The o r d e r l y  t r a n s i t o n  between t h e  v a r i o u s  R/PA subroutLnes,  2)  The NDS 
s e l e c t i o n  f u n c t i o n  d e t e r d n e s  which satel l i tes  are i n  view and selects  
t h e  b e s t  combinatiozt of s a t e l l i t e s  t o  p rocess ,  3 )  Demodulates t h e  NDS 
t e l e m e t r y  d c t a  b locks  f o r  d a t a  c o l l e c t i o n ,  4 )  E r r o r  recov2ry when t h e  
R/FA fa i rs  t o  a c q u i r e  a sche,irxled s a t e l l i t e  s i g n a l ,  and 5) the 
sequences r equ i r ed  t o  a c q u l r e  and t r a c k  a s e l e c t e d  s a t c l l j  t e e  
Comaand processfng:  Cihen t h e  R/PA e n t e r s  Coomnd Mode, the cemmnd 
p rocess ing  f u n c t l o n  a c c e p t s  R / P A  Data Co::mnds used to uplo?d t h e  
i n fo rma t ion  r e q u i r e d  t o  i n i t i a l i z e  t h e  R / P A  c o n t r o l  f u n c t i o n  and t o  
l o a d  d a t a  i n  t h e  R/PA processo r  memory. 
Telemetry p rocess ing :  Telemetry p rocess ing  f u n c t l o n  t r a n s m i t s  t h e  
c r i t i c a l  t e l eme t ry  t o  t h e  s p a c a e c r a f t  C&DH subsystem. The R / P A  
g e n e r a t e s  a series of d a t a  f i l e s  which c o n t a i n s  a d d i t i o n a l  d a t a  on the  
R/PA o p e r a t i o n .  Upot r eques t  by p rev ious ly  uploaded Data Command, t h e  
t e l e m e t r y  f u n c t i o n  o u t p u t s  t o  t e l eme t ry  any prev ious ly  r eques t ed  
S e r i a l  Data F i l e s .  
Rece iver  p rocess ing :  The r e c e i v e r  p rocess ing  r o u t i n e  sets t h e  
r e c e i v e r  hardware c o n f i g u r a t i o n ,  c o n t r o l s  t h e  VCO f requency ,  enab le s  
t h e  hardware c o n t r o l  l o o p s ,  and t m n i t o r s  t h e  r e c e i v e r  hardware a s  
r e q u i r e d  t o  a c q u i r e  and t r z c k  s e l e c t e d  NDS s i g n a l s .  It computes 
pseudorange and d e l t a  pseudorange c o r r e c t e d  f o r  i onosFher i c  c o n d i t i o n s  
and a s  r equ i r ed  demodulates t he  NDS telemetry d a t a .  
S a t e l l i t e  Data Col l ec t ion :  TPW S a t e l l i t e  d a t a  get!ieriif f u n c t i o n  
c o l l e c t s  t h e  ephene r i s  and elmanac data tis rece ived  froa; t t e  curreriL 
KDS t e l eme t ry .  It  also provides  GPS c l o c k  c o r r e c t i o n  data and p a r i t y  
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Naviga t ion  func t ion :  The navigaticn f m x t f o n  accumula tes  a l l  WDS 
measureuen.t d a t a  and p rov tdes  a Koloian fil:eer tesb, cstimate of t h e  
LANDStYl'T-D's p o s i t i o n  and v e l o c i t y  a t  a r ipec i f led  p o i n t  i n  T h i s  
p rocess ing  occur s  a f t e r  each new NDS measurement. 
S a t e l l i t e  selection: The R / P A  r e c e i v e r  can p rocess  c o n c u r r e n t l y  up to 
f o u r  NDS s i g n a l s .  The s a t e l l i t e  s e l e c t i o n  f u n c t i o n ,  based upon 
a v a i l a b l e  almanac d a t a ,  selects t h e  b e s t  combinat ion of  Naviga t ion  
Dpvelopment S a t e l l f  tes t o  be used f n  t h e  n a v i g a t i o n  s o l u t i o n .  
Bu i l t - In  Test: The B u i l t - I n  T e s t  f u n c t i o n  p rcv ides  t h e  power-up 
sequences for  t h e  R / P A  so f tware ,  e r r o r  i n t e r r u p t  p rocess ing  and 
background s e l f - t e s t  t h a t  v e r i f i e s  c r i t i ca l  memory. 
t i m e .  
Execut ive  program: The e x e c u t i v e  p r o g r a m  is a m u l t i t a s k i n g  program 
t h a t  s chedu les  t h e  sys tem t a s k s  t o  be performed. 
S a t e l l i t e  p o s i t i o n :  
t h e  NDS almanac d a t a  and computes t h e  r e l a t i v e  p o s i t i o n  of t h e  NDS. 
T i m e  Code Genera t ion :  The TCG proceosings d e t e c t s  the occurance of 
e v e n t s  t h a t  r e q u i r e  time code; and based upon &he 45 b i t  TCG, 
de te rmines  t h e  time t h e  e v e n t s  occur red .  
The s a t e l l i t e  p o s i t i o n  computat ion f u n c t i o n  r e a c s  
15.3 GPS SUBSYSTEM NODES OF OPEPStTXCi!? - --
The R/PA Sof tware  can ,  by means of command p rocess ing ,  be p laced  i n  any one of 
t h e  fo l lowing  o p e r a t i o n a l  modes: OFF, STlcNDBY, LOAD, GROUND COMEWNDED PROPAGATE 
( G C P ) ,  ALMANAC COLLECT, SPACE, RECEIVER TEST MODE (RTM),  GROUND and CN,IBRATE 
(CAI. ,) .  The f e a t u r e s  *f each  mode of o p e r a t i o n  a r e  summarized a s  fo l lows:  
1. OFF Node. No power t o  t h e  R/PA. Any program o r  d a t a  i n  t h e  56R word 
RtL'I memory is  lo8 t . 
2 .  STANDBY Node. Power is s u p p l i e d  t o  t h e  o s c i l l a t o r ,  preamp, and t h e  
mtmory. When e n t e r e d  from t h e  OFF mode, STANDBY is used t o  warm the 
o s c i l l a t o r  t o  i t s  s t a b l e  tempera ture  i n  p r e p a r a t i o n  f o r  o p e r a t i o n  i n  a 
n a v i g a t i o n  node. I t  w i l l  r e q u i r e  up t o  two hours  f o r  t h e  o s c i l l a t o r  
tempera ture  t o  s t a b i l i z e .  When e n t e r e d  from t h e  C0MI"StND mode, STANDBY 
s e r v e s  as t h e  mode wherein t h e  program is  maintained i n  memory, bu t  
power is  conserved by remavfng paver  from t h e  central proceas ing  u n i t  
( C P U ) ,  rcemory conc rox lc r s ,  and i n t e r f a c e  modules. Powcc fs s ~ p p l i e d  to 
t h e  e x t e r n a l  o s c i l l a t o r ,  the  UT c l c c k s  ar id  t h e  TCG, and l f  previously 
e s t a b l i s h e d ,  t h e  TCG i s  main ta ined .  t 'p loading  Discrete Command P 3  
(%in Pover On) causes  the  R / P A  t o  t r a n s f e r  (jump) t o  t h e  Load ?lode, 
o r  t o  &he Cowand Mode, i f  t h e  Set: was placed in Standby from t h e  
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3 .  LOAD MODE. The LOAD MODE f.s t h e  mode used t o  load  t h e  RfPA s o f t w a r e  
and t h e  d a t a  base  i n t o  t h e  RAM memory. The l o u d e r  program does n o t  
monitor  t h e  s o l i d  state l a t c h e s  se t  by t h e  Discrete Commands. Only 
t h e  Loader  Cor?urands.and t h e  d i s c r e t e  command6 t h a t  o p e r a t e  r e l a y s  are 
p rocessed  when t h e  R / P A  i s  I n  t h e  LOAD Mode. 
The R/PA, upon i n i t i a l .  power-up, from Standby, jumps t o  t h e  boot 
l o a d e r  which l o a d s  t h e  load program and s ta r t s  execu t ion  i n  t h e  LOAD 
Mode. If t h e  CPU is powered, uploadiilg t h e  Discrete P u l s e  Command P 4  
w i l l  c a u s e  t h e  program t o  jump co t h e  boot l o a d e r .  Uplinking t h e  Data 
Command START e x e c u t i o n  ( 4 E 3 )  c a u s e s  t h e  R/PA s o f t w a r e  to  s ta r t  
e x e c u t i o n  i n  t h e  COMMAND Mode. 
4. COMMAND MGDE. The COMMAND MODE i s  used t o  i n i t i a l i z e  t h e  R/PA 
s o f t w a r e  f u n c t i o n s ,  and t o  set t h e  r e c e i v e r  channels .  The GPS 
Subsystem can  be placed in t h e  commend wjde from e i t h e r  t h e  load mode 
o r  from any n a v i g a t i o n  mode. While in t h i s  mode, t e l e m e t r y  is no t  
a v a i l a b l e  e x c e p t  f o r  Echo Buf fe r  (Data F i l e  0) and Memory Dump (Data 
F i l e  2 ) .  Both r e c e i v e r s  are powered o f f  and t h e  c u r r e n t  n a v i g a t i o n  
s o l u t i o n  ( s t a t e )  i s  propagated forward i n  time. Uplink of t h e  
a p p r o p r i a t e  p u l s e  command (P6)  t r a n s f e r s  t h e  S e t  eo a predetermined 
n a v i g a t i o n  mode. The R / P A  C O ~  be r e t u r n e d  t o  t h e  c a m a n d  mode by 
u p l i n k i n g  the a p p r o p r i a t e  p u l s e  comaand (P5). 
5 .  AId?fAXAC COLLECT XODE. The ALMANAC COLLECT MOD2 is  used t o  g a t h e r  t h e  
NDS .almanac d a t a  r e q u i r e d  t o  r e f r e s h  t h e  almanacs c u r r e n t l y  s t o r e d  i n  
t h e  R/PA processo r  memory, Each NDS s a t e l l i t e  s t o r e s  almanacs f o r  t h e  
complete  c o n s t e l l a t i o n  of NDS and t h e  almanacs are pare of t h e  
a v a i l a b l e  NDS t e l eme t ry  d a t a  b locks .  When t h e  GPS Svbsy9tcrm l o c k s  
o n t o  a n  NDS s i g n a l  and i f  t h e  almanac r e f r e s h  f l a g  l e  ye:, t h e  ?/PA, 
under  s o f t w a r e  c o n t r o l ,  t r a n s f e r s  t o  t h e  ALMANAC COLLEC- X -  1:. Upon a 
s u c c e s s f u l  almanac r e f r e s h ,  t h e  R/PA a u t o m a t i c a l l y  t x i L s  t o  t h e  
o r i g i n a t i n g  n a v i g a t i o n  mode. The almanac- c o l f e e t  mode can o n l y  be 
e n t e r e d  from a n a v i g a t i o n  mode. TGlemetry i s  a v a i l a b l e  and t h e  
c u r r e n t  n a v i g a t i o n  s t a t e  is propagated forward in time. 
6. GROUND COKMANDED PROPAGATE Mode (GCP). Both r e c e i v e r  channels  are 
o f f .  The Set propaga te s  i t s  c u r r e n t  n a v i g a t i o n  s ta te  e s t i m a t e  eve ry  
s i x  seconds.  Th i s  mode is  e n t e r e d  o n l y  from t h e  COMMAND mode and 
e x i s t s  back t o  t h a t  mode. Telemetry ou tpu t  d a t a  w i l l  be a v a i l a b l e  
du r ing  t h f s  mode. 
LSD-UPC-263 
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SPACE Mode. T h i s  i o  t h e  normal mode of  o p e r a t i o n  of  t h e  K/PA f o r  
n a v i g a t i n g  i n  8 space e n v i r o n m n t .  When one  o r  more s n t e l l i t e s  are i n  
view, t h e  NDS s e l e c t i o n  f u n c t i o n  selects a s a t e l l i t e  and the r e c e i v e r  
p r o c e s s i n g  f u n c t i o n  measures t h e  pseudorange and t h e  d e l t a  
pseudorange. The n a v i g a t i o n  f i l t e r  i n p u t s  t h e s e  measurements and 
upda te s  t h e  n a v i g a t i o n  s ta te  of t h e  s p a c e c r a f t .  I f  no s a t e l l i t e s  are 
i n  view or i f  t h e  r e c e i v e r  f a i l s  t o  t r a c k  a n  NDS, t h e  p rev ious  
n a v i g a t i o n  s t a t e  is propagated  forward i n  time. The SPACE mode is 
e n t e r e d  o n l y  from t h e  COMMAND or & W A C  COLLECT modes and e x i s t s  on ly  
back t o  t h o s e  modes. Te lemet ry  o u t p u t  w i l l  be a v a i l a b l e .  Depending 
upon t h e  commanded r e c e i v e r  conf fgu r i i t i on ,  o p e r a t i o n  i n  a s i n g l e  
channe l  s e q u e n t i a l  4 ,  o r  d u a l  channe l  s i n u l t a n e o u s  4, sa t e l l i t e  
sequencing  I f  
b o t h  r e c e i v e r  channe l s  are commanded o f f ,  t h e  c u r r e n t  n a v l g a t i o n  
s o l u t i o n  is propagated  forward i n  time. The submodes t h a t  u se  t h e  
r e c e i v e r  are descrLbed i n  g r e a t e r  d e t a i l  as fo l lows:  
p a t t e r n  w i l l  be performed as shown in F i g u r e  15.3.1-1. 
a. S i n g l e  channe l  s e q u e n t i a l  4 .  The R/PA u s e s  t h e  r e c e i v e r  channel  
d e c l a r e d  as primary by command t o  sequence o v e r  up  t o  f o u r  
Naviga t ion  Development S a t e l l i t e s .  The secondary  c h t m e l  i s  o f f .  
S i x  seconds  i s  s p e n t  on each s a t e l l i t e .  Durfng t h e  f f r s t  2 
seconds ,  pseudorange and d e l t a  pseudorsnge measurements ere made 
on L1; d u r i n g  t h e  qex t  3 seconds t h e  ~aaie  measurements arc? made 
on L 2 .  Tonuspheric c o r r e c t i o n s  are  computed from the  sequential 
measurements an appropr ia te  compcnsatiana in t roduced .  
b. Dual channe l  s imul t aneoue  4 ,  The R f P A  u s e s  b o t h  r e c e i v e r  
channe l s  t o  make s imul t aneous  measuremente t o  t h e  same s a t e l l i t e .  
The pr imary  channel  makes pseudorange and d e l t a  pseudorange 
measurements on t h e  L1 f requency ,  and t h e  secondary  channe l  makes 
pseudorange and de l ta -pseudo range measurements '3n L2 fraequency 
for t h e  same s a t e l l i t e  b r i n g  t r acked  on t h e  p r i m a r y  channel .  The 
measurements made on the two channe l s  a r c  f o r  t h e  same 20 axec 
epoch d e t e c t e d  on  e i c h  channel  t o  obtaf 'n "s imul taneous"  L 1  and L2 
measurements. Ionosphe r fc  c o r r e c t i o n s  are computed u s i n g  t h e  
s imul t aneous  I,l and L2 measurements and are used t o  compensate 
t h e  primary channel  measurement in fo rma t ion  s u p p l i e d  t o  t h e  
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S i n g l e  Channel Soquen t fa l  4 
P = Primary Channel 
S = Secondary Channel  




Dual Channel SimQltsneoun 4 
F i g u r e  15.1-6. S e q u e n t i a l  Track  Rece iver  Sequences 
R E C E I V E R  TEST MODE (RTM).  In t h i s  mode, t h e  r e c e i v o r  channe l s  t r a c k  
t h e  same NUS s i g n a l  which p rov ides  a means for e v a l u a t i n g  t h e  p rope r  
r e c e f v c r  o p e r a t i o n .  Telemetry i s  a v a i l a b l e  i n  e h i s  mode. RTY c a n  be 
e n t e r e d  o n l y  form t h e  Command Mode. The Rm r e q u i r e s  ground n a v i g a t i o n  
and i s  n o t  i n t ended  for U E C  i n  a space environment  but  o n l y  f o r  
t e s t i n g  on t h e  ground. 
CROUh?) Mode. T h i s  is t h e  node of o p e r a t i o n  of t h e  R/Ph f o r  n a v i g a t i n g  
in a ground environment ( i . e . ,  on or  n e a r  t h e  Earth's s u r f a c e ) .  
Except  for d i f f e r e n c e s  in t h e  n a v i g a t i o n  and s a t e l l i t e  s e l e c t i o n  
f u n . t i o n s  i n h e r e n t  i n  t h e  d i f f e r e n t  h o s t  v e h i c l e  environment ,  t h i s  
mode p r o v i d e s  identical capntt l l t f c a  2s ttiosc d e s c r i b c d  Cor tlie SPACE 
mode. The GRO'JIJD node is e n t e r e d  o n l y  iron t? i r  COMMAIJD m d e  a ~ d  
e x i s t s  on ly  back co t h a t  mode. 
CALIBRATE (CAI.) Mode. The GI's Subsystem Software bs uoed t o  c a l i b r a t e  
t h e  R / P A  o s c i l l a t o r  f o r  f requency  and phose b i a s .  T h e  c a l i b r a t i o n  
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n a v i g a t i o n  be performed. T h i s  mode i s  i d e n t i c a l  t o  t h e  GROUND Mode, 
except t h a t  t h e  Kalman f i l t e r  i tcplementation f o r c e s  t h e  velocd t y  
cornponcnt of t h e  s t a t e :  t o  be zero. Telemetry o u t p u t  w i l l  be provided  
d u r i n g  t h i s  mode. The C.AL mode is entered o n l y  from t h e  COMKUD mode 
and exis ts  o n l y  back t o  t h a t  mode. 
\ 
15.3.1 GPS SUBSPSTEM MONITOR 
The GPS Sub.;ystem moni tor  f u n c t i o n  c o n t r o l s  t h e  t r a n s i t i o n  between the v a r i o u s  
sys tem s ta tes .  The moni tor  performs t h e  fo l lowing:  
1. 
2. 
3 .  
4. 
15 - 3 . 2  
Anytime 
I n i t i a l i z a t i o n  p rocess ing  which c o n t r o l s  the i n i t i a l i z a t i o n  of t h e  
s a t e l l i t e  s e l e c t i o n  f u n c t i o n ,  t h e  n a v i g a t f o a  f u n c t i o n  and t h e  r e c e f v e r  
p rocess ing  f u n c t i o n .  ALL must be i n i t i a l i x e d  b e f o r e  t h e  S e t  c a n  make 
t h e  t r a n s i t i o n  t o  t h e  s e l e c t e d  n a v i g a t i o n  state  (mode) OP o p e r a - i o n .  
Nav iga t ion  p rocess ing  which c o n t r o l s  the f u n c t i o n s  r e q u i r e d  t o  perform 
t h e  n a v i g a t i o n  s t a t e .  
Pulse/GPS Suhsystem Ln te r f ace  t o  c o n t r o l  t r a n s i t i o n s  from a n a v i g a t i o n  
mode t o  t h e  Couwnd Piode operatior; .  
GPS Subeys ten lCr i tLca l  Telemetry I n t e r f a c e  which r e p o r t s  'R t h e  
c u r r e n t  s t a t u e  of the  GPS Subsystem. 
INITIALIZATION PROCESSING 
3 t h e  S e t  p rocesses  a command t o  t r a n s f e r  t o  any n a v i g a t i o n  m d e  (SPACE, 
GCP, RTH or  CAL), t h e  System Monitor c a l l s  t h e  i n i t i a l i z a t i o n  p rocesso r .  The 
i n i t i a l i z a t i o n  p r o c e s s o r  w i l l  perform e i t h e r  a "cold s t a r t "  o r  a "restart".  A 
c o l d  s t a r t  se ts  a f l a g  t h a t  no NDS has  been acquf red  and t h a t  t h e  Landsat-D 
almanac and NDS almanacs are t o  be used t o  a c q u i r e  t h e  f i r s t  NDS. A restart  
i n d i c a t e s  t h a t  one o r  more NDS's have been acqu i red  and t h a t  on ly  the  NDS 
S e l e c t i o n  P rocesso r  i s  t o  be i n i t i a l i z e d .  A c o l d  s tar t  is r e q u i r e d  i f  t h e  l a s t  
p rev iouo  n a v i g a t i o n  mode was n e i t h e r  t h e  SPACE mode o r  t h e  CCP mode or  i f  t h e  
GPS subsystem i s  u p  from e i t h e r  STANDBY o r  LON, mode- Otherwise ,  a r e s t a r t  is  
r e q u i r e d .  (When t h e  GPS t r a n s f e r s  from t h e  SPACE Mode 40 t h e  COMMAND Node, t h e  
c u r r e n t  n a v i g a t i o n  s t a t e  i s  propagated forward i n  t i m e . 9  
The sof t u a r e  de te rmines  which f u n c t i o n s  r e q u i r e  in i t iPEBza t ion  and a u t o m a t i c a l l y  
f o l l o w s  t h e  procedure  r e q u i r e d  t o  i n i t i a l i z e  t h e s e  fun r t ione  p r i o r  t o  making t h e  
t r a n s i c i o n  t o  t h e  s e l e c t e d  n n v i g o t t a n  node. The s u f t i a r e  f u n c t i m  shown i n  
Figure  15.3-2 d e t e r n i n e s  i f  a co ld  s t a r e  i s  r e q u i r e d ,  sad it: s o ,   set^ tile cold 
s t a r t  f l a g .  The s o f t w . ~ r e  f u n c t i o n  shown i n  F igu re  '15.3-3 checks t o  de te rmfne  i f  
the  co ld  s t a r t  f l a g  is s e e  and I f  s o ,  peforms t h e  cold start Eanct ions  necessa ry  
before e n t e r i n g  t h e  (Ground Commanded Propagate)  GCP Mode. The so f tware  
func t  ion shown i n  F igu re  15.3-4 performs t h e  i n i t i a l i z a t i o n  f u n c t i o n s  necessa ry  
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i n  memory, d e c i d e s  i f  a c o l d  s tar t  is, needed and i f  so, peforma t h e  
i n i t i a l i z a t i o n  f u n c t i o n s  r e q u i r e d  p r i o r  t o  e n t e - i n g  t h e  SPACE Node. The 
s o f t w a r e  f u n c t i o n  checks t o  de te rmine  i f  an  alumnac collect is needed. I f  a n  
almanac c o l l e c t  is not  r e q u i r e d ,  t h e  c o l d  start complete f l a g  is set;  o t h e r w i s e  
t h e  almanac c o l l e c t  r e q u i r e d  f l a g  is  set .  
Upon complet ion of t h e  i n i t i a l i z a t i o n  f u n c t i o n s ,  t h e  monitor  t r a n s f e r s  c o n t r o l  
t o  t h e  scheduled n a v i g a t i o n  mode, and t h e  f i n a l  i n i t i a l i z a t i o n  may be completed 
a f t e r  t h e  t r a n s i t i o n  t o  t h e  s p e c i f i e d  n a v f g a t i o n  mode. 
15.3.2 .I Space Mode P rocesso r  
A f t e r  t h e  r e c e i v e r  has  made f o u r  s u c c e s s f u l  NDS P-code a c q u i s i t i o n  a t t e m p t s  t o  
l o c k  o n t o  t h e  f i r s t  NDS, t h e  system monitor  i n d i c a t e s  t h a t  a " f i r s t  f i x "  h a s  
been achfeved and this s i g n a l s  t h a t  t h e  S e t  was c o r r e c t l y  i n i t i a l i z e d  f o r  
o p e r a t i o n  i n  t h e  SPACE Mode. F i g u r e  15.3-5 shows t h e  f low diagram o f  t h e  Space 
S t a t e  C o n t r o l l e r  Program. 
15.3.2.2 CCP Mode P rocesso r  
GROUND COMMANDED PROPAGATE a t a t e  turr.8 off both r e c e i v e r e  a n d ,  bdsed upon 
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From almanac i n  
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d a t a  
6 
Figure 15.3-4. Space/Ground/Cal State fni tialization Flow Diagram 
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Figure 15.3-5. Space/Ground/Cal S t a t e  Contro l le r  F l o w  Diagran 
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15.3.2.3 AXaanac C o l l e c t  ?lode Processo r  
The R/PA proceseo r  r 2 q u i r e s  3n almanac f o r  bo th  t h e  S p a c e c r a f t  and t h e  
Nav iga t ion  Development S a t e l l i t e  b e f o r e  i t  can  a c q u i r e  t h e  NDS s i g n a l .  The 
Landsat-D Almanac i s  uploaded by R/PA Data CoMland type  5 and the  NDS Almanacs 
are i n i . t i a l l y  uploaded by R/PA Data Command type  6 .  Each NDS t r a n s m i t s  an 
almanac €or  a l l  Nav iga t ion  Development S a t e l l i t e s ,  and t h e  NDS almanac can be 
ob ta ined  by demodulating t h e  s i g n a l  from t h e  NDS c u r r e n t l y  be ing  t r a c k e d .  
-- _I_ --- 
15.3.2.4 S e q u e n t i a l  Track S ta t e  P rocesso r  - -
Each NDS con t inuous ly  transmits in€ormat:ion on both  t h e  LL and L2 carrier 
f r e q u e n c i e s .  The s e q u e n t i a l  t r a c k  s t a t e  p rocesses  t h e  two carriers s e q u e n t t a l l y .  
I n  t h i s  s ta te  the moni tor  c o n t r o l s  t h e  f i x e d  d w e l l  tines used f o r  the r e c e p t i o n  
of NDS s i g n a l s ;  p rov ides  r e g u l a r  t e l e m e t r y  us ing  t h e  t e l e m e t r y  p rocess ing  
f u n c t i o n ;  t h e  B I T  background s e l f  test  loop  r e g u l a r l y  checks sys tem h e a l t h ;  and 
t h e  monitor r e g u l a r l y  invokes  t h e  s a t e l l i t e  s e l e c t i o n  f u n c t i o n  which ma in ta ins  
up t o  f o u r  NDS sa te l l i t es  t h a t  are t o  be used c o n c u r r e n t l y  by t h e  n a v i g a t i o n  
f u n c t i o n .  
Nzvfga t ion  s ta te :  Wheil t h e  GPS Subsystem i s  t r z c k i n g  t h e  r e q u i r e d  nbninuia 
number of s a t e l l i t e s ,  the receiver se.asures the pseudoxange and t h c  d e l t a  
pseudorange. Thc: n a v i g a t f s n  f u n c t i o n  r eads  t h e  a v a i l a b l e  measrlrewnts ard 
updates  t h e  naviga  c i o n  s t a t e  (. 
1 5 . 4  CCNSTRAINTS GPS-SUBSYSTEX - -- 
1. The CPS-Subsystem h a s  o n l y  one Reference O s c i l l a t o r  i n s t e a d  c f  t h e  bio 
c a l l e d  f o r  i n  t h e  l i t e r a t u r e .  The Discrete P u l s e  Command P8 (0305) 
S e l e c t  O s c i l l a t o r  52 should  no t  be used s i n c e  'he O s c i l l a t o r  112 i s  not; 
i nc luded  i n  t h e  LAVDSAT-D O K  LANDSAT-D Prime GPS Subsystem. 
2 .  The Loader Command ( 4 E I )  XEMORY LOAD is  t h e  R / P A  Li-a Command u?ed C G  
upload  t h e  R/PA memory c o n t e n t s .  The number of 16-bit words uploadhd 
by a s i n g l e  command should  be l i m i t e d  t o  64 words and t h e  6 l e P R t  
s i g n i f i c a n t  b i t s  of t h e  start  a d d r e s s  should  be a l l  ze ros .  T h i s  
i n s u r e s  t h a t  t h e  Loader Command ( 4 E 2 )  BIT MAP OUT?LJT w i l l  produce t h e  
c o r r e c t  t i t  WD. 
3 .  The Loader Connoand ( 4 E 6 )  IEMOKY BIAGXOSTIC Is t h e  R/PA D 3 t ?  Comuand 
used i n  the .  LOAD :?ODE t o  t e s t  t l e  memory h a r 6 v a . e -  T h i s  t es t  perfoms 
a v r i t e / r e a $  test oa each  word of  RX21 semory"  7k.e ori:;i.lal conterit  o i  
the memory is l o s t  and must  be relcaded a f t e r  e a . h  use Q: t h e  n - r p  
Command . 
4 .  The GPS Subsysten is powered up by f i r s t  e n t e r i n g  the STP,LlDFY % d e .  
The m a i n  power 0': i s  swi tched  by r e l a y  from t h 5  s tandby pcslet suppry 
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5 .  
6 .  
t h a t  the main power r e l a y  c o n t a c t s  are open b e f o r e  t h e  Discrete P u l s e  
Command P% ( 0 8 3 4 )  i s  uploaded t o  p l a c e  t h e  CPS Subsystem on STANDBY 
power. See  Pa rag raph  15.6.2 f o r  d e t a i l s  a n  power-up, 
There is no Dlscrete P u l s e  Command which causes  t h e  GPS-Subsystem t o  
e n t e r  t h e  STANDBY MODE f ro@ any  mode ( excep t  OFF). The S e t  c a n  be 
p l aced  o n  s t andby  as fo l lows :  1) Upload t h e  Discrete P u l s e  Command P5 
(0816) whic? w i l l  p l a c e  t h e  Set i n  t h e  COMM4N'b MODE, 2) Upload t h e  
O p e r a t i o n a l  Command SET Mode (1E2) w i t h  L f l a g  set  t o  ze ro .  T h i s  
causes  t h e  set t o  make t h e  t r a n s i t i o n  t o  STANDBY power from t h e  
COMMAND Node. 
The f o l l o w i n g  t iming  c o n s t r a i n t s  s h a l l  be f a l lowed  d u r i n g  R/PA 
commanding: 
a. There s h a l t  be a d e l a y  of 1 second luiniaum between s u c c e s s i v e  
serial  d a t a  commands. Ce r t a in  serial  commands, l i s t e d  below, 
r e q u i r e  a d e l a y  g r e a t e r  t han  1 second. 
- A Memory Diagnos t i c  command must be fol lowed by a d e l a y  of 
a t  least  60 seconds.  
- A Command Mode commrns must be fo l loved  by ii d e l a y  o f  a t  
l ea s t  30 seconds.  
- There s h a l l  be a t  leas t  a one second de lay  between R/PA 
Standby Power ON and R / P A  OFF, between R/PA Msin Power ON 
and E/PA OFF, and between R/PA OFF and R/PA Standby Power 
ON. 
- There s h a l l  be a de lay  oE a t  leas t  o?e minute a f t e r  t h e  
Sxecu te  command. 
b. C e r t a i n  serial  d a t a  commands c o n s i s t  of m l t i p l e  48 b i t  words (40 
b i t  R/PA commands). The re  s h a l l  be a de lay  of a t  least  6 
m i l l i s e c o n d s  between each 48 b i t  word of t h e s e  commands. 
c. Two OFF commnds, s e p a r a t e d  by a t  l eas t  one second,  are r e q u i r e d  
t o  insure prope r  3E'F s t a t e  o f  t h e  R/PA. 
15.5 REDUNDANCY GPS-SUBSYSTEM 
The GPS Subsystem p r o v i d e s  e s s e n t i a l l y  no redundancy. The On-Board Computer 
r e q u i r e s  a n a v i g a t i o n  message f o r  a t t i t u d e  con t ro l  and f o r  high ga in  antenna 
p o i n t i n g  angles .  I n  t h e  even t  t h e s e  d a t a  are no t  a v a i l a b l e  f x m  t h e  R/P?I, t h e  
OBC m u s t  u s e  t h h  ground s u p p l i e d  ephemerts i n f o r n a t i o n  needed f o r  the  c r i t i c a l  
o p e r a t i o n s .  Also t h e  d a i l y  update  o f  t h e  S p a c e c r a f t  c l o c k  ob ta ined  from R/PA 
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15.6 CPS COMMANDS 
The CPS is c o n t r o l l e d  by cornmsnds t o  t h e  RIPA (Rece iver /Proceeaor  Assembly) 
only. There  sre  no commends t o  t h o  CPS Osc i l l a to r  or t o  t h e  CPS Preamp, which 
racaiva DC Lnprit powar from t h e  RiPA and are  t h e r e f o r e  contrsPXod by t h e  R / P A .  
The R/PA responds bo 16 d i s c r e t e  ccpmanda crtd t o  16 se r ia l  commands. Two 
d f s c r e t o  command8 t o  t h e  PUU e n a b l e  snd  d i s a b l e  t h e  CPS i npu t  power. 
15.6.1 DISCKETE COMMANDS 
-
The d f s c r e t e  commandu are  g iven  in Tab le  15.6-1. The  commends SPRON ( R / P A  
Standby Power O N ) ,  MPRON (Main Power ON), and MPROF (€[/PA Power OFF)  should  each  
be fo l lowed by s one second d e l a y  be fo re  any o t h e r  cocnmsnd is sent t o  t h e  R/PA. 
I n  Addf t ton ,  t h e  MPROF should be fo l lowed by a aecoad MPROF ( fo l lowed by p1 one 
second d e l a y )  t o  assure t h a t  s time de layed  r e l a y  (Ke i n  Figure  15.6-1) has been 
reset. 
The command CMMD (Command Mode) shou ld  a lways  be  fo l lowed by a one mfnute de l ay  
b e f o r e  any t i dd i t fona l  comnwndr, a re  s e n t  t o  t h e  R / P h .  T h i s  a l lows  t h e  p rocesso r  
to Clnfsli i t s  c u r r e n t  t a s k  and rerurn t o  t h e  Commtnd Mode. 
1 5  .6 . 2  SERIAL COMEMNDS 
The d t v f s t o r i  of t h e  s c r i n l  commcinds fs ns fo l lows :  
1 .  
2 .  
3 .  
4 .  
? *  
6. 
Memory Load 
R i t  Map o u t p u t  
St:art Execut ion 
Power Down (Go t o  s t andby)  
Memory Dump 
Mmory Dingnos t i c  
1,SD-WI’C-2 6 3 
Tab le  15.6-1. Discrete C o m n d s  
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EN AG PS* 
DISGPS" 
R/PA Standby Power O N  
Main Power OM 
R/PA Power OFF 
S e l e c t  Osci l la tor  1 
S e l e c t  O s c i l l a t o r  2 
T r a n s f e r  t o  Load Mode 
Command Mode 
Naviga te  Mode 
TCG S e t  Mode 
TCG Run Mode 
Time Mark T-fl 
Time Mark T-1 
Tine  Mark T-2 
Time Nark T-3 
C-lect T e l e u e t r y  Node S e r i a l  Output  
Select Computer ):ode Seria l  Output  
CPS Power Enable 
CPS Pcwer Disable 
I-- I__ .-l__l 
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I n  Command Node Only -
1. 
2. 
3 .  
4. 
5. 





Set  Rece ive r  Channel 
S e t  Mode 
S e t  Data F i l e  Index 
TCG S e t  Value 
HV Almanac Upload 
NDS Almanac Upload 
Ground/Cal I n i  t i a l i z a t i o n  
RTM I n i t i a l i z a t i o n  
Memory Dump 
Echo Data Command Buf fe r  
The se r ia l  commend b i t  s t r u c t u r e  and de ta  1s are g i v e n  I n  Appendix 
GPS se r i a l  c o m n d s  consist of 48 b i t s ,  OH Iranltiplezr: of  48 b i t s .  
e i g h t  bits of each 68 b i t s  are ignored by the R / P A .  
L .  
The EIrst 
T h r e e  ground commands are  r equ i r ed  t o  t r a n s f e r  48 b i t s  t o  t h e  R/PA.  The f i r s t  
two ground commands are addressed t o  RLU 7 ,  Channel 71. The t h i r d  ground 
command must be addres sed  t o  RIU 7 ,  Channel 72. 
The l e n g t h  of a complete  s e r i a l  command i s  determined by i t s  type.  Each 
complete commarrd c o n s i s t s  of a l i n e  o r  m u l t i p l e  l ines  where a l i n e  f a  d e f i n e d  a5 
48 b i t s  ( t h r e e  ground comtlands), t h e  first e i g h t  b i t s  of which a r e  i gnored  by 
the  R/PA. The r e z a i n i n g  40 b i t s  ( 5  bytes) are decoded by t h e  R/PA.  I n  t h o s e  5 
b y t e s ,  t h e  f i r s t  b y t e  i d e n t i f i e s  t h e  l i n e  8 8  p a r r  ( o r  a l l )  of a p a r t i c u l a r  
command and 18 unique t o  t h a t  c o m n d .  
I n d i v i d u a l  1Lnes of a coamand must not  be s e n t  a t  a ra te  f a s t e r  t han  one l i n e  
pe r  s i x  m i l l i s e c o n d s .  Success ive  s e r i a l  c o m a n d s  s h a l l  be s e n t  a t  a rate no t  
f a s t e r  t h s n  one p e r  second. 
The overal l  s t r u c t u r e  of tha serial c o m u n d s  i s  g iven  i n  Table 2 5 . 6 - 2 ,  which 
shoue t h e  comand  name, t h e  first b y t e  of each l i n e ,  and L A r t  n:mher of l i n e s  
contained i n  each e e r f a l  command. 
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Table 15.6-2. Serial Commands 
~~ 
Commasd Name First Eyte Structure 
1 2 3 4 5 6 f 8  
t 
I IN LOAD MODE 
1 0 0 0 0 0 0 1  
0 0 8 0 0 0 0 1  
? E O 0 0 1  
TCG Set Value 
0 1 1 0  
HV Almanac Load O l O E Q  
NOS Almanac Load 0 0 0 
0 0 0 0 0  0 5 
0 0 0 0 0 1 1 1  
RTM Initialization 
0 0 0 0 ' 1 0 0 0  
0 1 1 0 1 0 0 0  
*The bit designated " E "  is the Echo Bit. I f  E is a logical 1, the entire 
command w i l l  be placed in the Echo Buffer, to be read out later. In the 
Load Mode commands, the Echo Bit is not allowed; it must be logical 0. 
15-28 
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I n  t h e  Load Mode commands, t h e  f i r s t  t h r e e  b i t s  of t h e  f i r s t  b y t e  of  each  l i n e  








100 i f  is  t h e  f i r s t  l i n e  
000 i f  i t  i s  a n  i n t e r m e d i a t e  l i n e  
011 i f  i t  is t h e  last l i n e  
The f o u r t h  b i t  is  always a l o g i c a l  zero .  The last  f o u r  b i t s  i n d i c a t e  t h e  
s e q u e n t i a l  number o f  t h e  command. 
I n  t h e  Command Mode commands, t h e  f i r s t  t h r e e  b i t s  of t h e  f i r s t  b y t e  are as 
f o l l o w s  : 
001 i f  i t  is  t h e  f i r s t  l i n e  of a one- l ine  command 
010 i f  i t  is  t h e  f i r s t  l i ne  of a command having  more t h a n  one l i n e  
000 i f  i t  i s  a n  i n t e r m e d i a t e  l i n e  
011 i f  i t  is t h e  l a s t  l i n e  
The f o u r t h  b i t  is  t h e  Echo B i t  (E )  i f  i t  is t h e  f i r s t  l i n e ,  and i s  l o g i c a l  z e r o  
o the rwise .  
The l a s t  f o u r  b i t s  i n d i c a t e  t h e  s e q u e n t i a l  number of t h e  command. 
The syntzax of t h e  commands given above is impor tan t  in t h a t  i f  t h e  s y n t a x  i s  
v i o l a t e d ,  t h e  command w i l l  be r e j e c t e d .  I f  t h e  B/PA i s  i n  t h e  CoaMnnd Mode a t  
t h e  rime of the  e r r o r ,  an  a p p r o p r i a t e  e r r o r  message will be placed i n  the Echo 
Buf fe r ,  fo l lowed by t h e  f a i l e d  command, r e g a r d l e s s  of t h e  s t a t e  of t h e  Echo B i t .  
15.6.3 COMMAND SEQUENCES 
I f  t h e  GPS i s  OFF, t h e  fo l lowing  sequence is recommended t o  pu t  t h e  GPS i n t o  a n  
o p e r a t i n g  mode. (See 16.6.6 GPS c o n s t r a i n t s  f o r  d e l a y s  and a d d i t i o n a l  commands, 
which are d e l e t e d  h e r e  f o r  sequence c l a r i t y . )  
Standby Power ON - Power is a p p l i e d  t o  t h e  R/PA,  o s c i l l a t o r  and 
p r e a m p l i f i e r .  
Main Power ON - R/PA i n i t i a l i z e s  nnd goes t o  Load Mode. 
Kemory Diagnos t i c  * - V e r i f i e s  i n t e g r i t y  of memory. Op t iona l .  
DeStKOyS any p rev ious  memory load. 
Talemetry Mode - To e s t a b l i s h  the  Landsst data  f i l e  f o r m t .  . 
Bit Map - To e v a l u a t e  t h e  results of t h e  memory d i a g n o s t i c .  
Load Mode - To reset  t h e  b i t  m p  t o  a l l  zeros a f t e r  t h e  memory 
d i a g n o s t i c .  
LSD-WPC-263 
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7. 
a. 
9 .  
10. 
11. 
B i t  Map - To a s s u r e  t h a t  b i t  map is set t o  aL1 zero&. 
Memory Load * - To sup?ly  t h e  o p e r a t i n g  n a v i g a t i o n  program. 
B i t  Map - To e s t a b l i s h  i n t e g r i t y  of l o a d ,  a5 r e c e i v e d  by R/PA. 
Memory Dcmp Jr - Opt iona l .  To have a reco rd  of each word loaded,  as. 
r ece ived  by t h e  R/PA). 
Execute * - S t a r t s  execu t ion  of t h e  Program loaded .  
* Memory D i a g n o s t i c  r e q u i r e s  30 secondti. Memory Load and Memory Dump 
time each depends on t h e  e x t e n t  of t h e  load  o r  dump. Execute  r e q u i r e s  
one minute f o r  i n i t i a l i z a t i o n  and t r a n s f e r  t o  t h e  cornmand mode. 
Following t h e  above sequence ,  t h e  GPS is i n  t h e  Commnd Mode, w i t h  memory 
loaded.  To go f u r t h e r  t o  a n  o p e r a t i n g  ( n a v i g a t i n g  o r  p ropaga t ing )  mode, t h e  
fo l lowing  sequence is t y p i c a l :  
1. 
2. 




7 .  
8. 
S e t  Rece iver  Channels * - Conf igures  reco,i.ver c h m n e l s  and hamhare, 
and a c q u i s i t i o n  mode. 
S e t  Mode - S e t s  t h e  B/?A o p e r a t i n g  node. 
TCG S e t ,  TCG S e t  Value,  TCG Run - S e t s  t h e  T ime  Code Genera tor  and 
s t a r t s  i t  running .  
NDS Almanac - A t  l e a s t  ox: i s  r d q u i r e d ;  t h e  remaindar can be 
c o l l e c t e d .  
HV Almanac - Required f o r  Naviga t ion  o r  Propagat ion .  
S e t  Ca ta  P i l e  Index  - I n s t r u c t s  t h e  R/PA t o  o u t p u t  s p e c i f i c  d a t a  €iles 
w i t h  a s p e c i f i c  f requency .  
Ground /Ca l ib ra t ion  I n i t i a l i z a t i o n  * 
Receiver  T e s t  Mode T n i t i a l i z a t i o n  * 
*The S e t  Rece ive r  *,hannels eomwand must be  g iven  t o  the  R/PA p r i o r  t o  
t h e  TCG Set V a l w  command, The GroundlCal and RTV I n i t F a l i z a t i o a  
commands a r e  r e q u i r e d  o n l y  :or subsequent e n t r y  To &heir r e s p e c t i v e  
opera,&onal modes. 
There is no r e q u i r e d  o r d e r  EO tne c r m a n d s  o t h e r  than TCG S e t ,  TCG S e t  Yaliie, 
and TCG Run must be g iven  i n  t h a t  or&‘ a i d  S e t  Rece iver  channels  must be g i v e n  
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The above sequences are t h e s e  r e q u i r e d  t o  p r e p a r e  t h e  GPS t o  do what i s  d e s i r e d .  
One can  now ( o r  a t  any p o i n t  prev io t l s ly  i n  t h e  Command Mode p o r t i o n )  r e q u e s t  a n  
Echo Buffer  Data F i l e  (Data  F i l e  #O) by i s s u i n g  t h e  serial conmand. 
1. Echo Data Command B u f f e r  - Data F i l e  40 i s  o u t p u t ,  c o n t a i n i n g  a l l  
p r e v i o u s  serFal commands w i t h  E-1, p l u s  a l l  r e j e c t e d  commands w i t h  
e r r o r  message preceding each.  
A f t e r  v e r i f y i n g  t h e  commands and c o r r e c t i n g  t h o s e  r e j e c t e d  ( i f  any) ,  one 
proceeds t o  start  t h e  Navigation: 
1. Navigat ion Mode - The GPS now begins  t o  perform t h e  Navigat ion o r  
P ropaga t ion  t h a t  was commanded p r e v i o u s l y .  
Nav iga t ion  t h e n  starts wi th  a Baseband T e s t  (approximately t h r e e  m i n u t e s ) ,  af ter  
which a Data F i l e  #11 (Rece iver  D i a g n o s t i c  Data) i s  o u t p u t  i f  Data F i l e  #11 was 
reques ted .  
One can  conclude t h e  Nav iga t ion  by command: 
1. Command Mode - Should be followed by 60 second d e l a y  p r i o r  t o  
a d d i t i o n a l  commanding. 
The R f P h  is now ready t o  r e c e t v e  serisl comnlzndr; t o  (1) i s s u e  p r e p a r a t o r y  
commands f o r  a new mode of o p e r a t i o n ,  o r  ( 2 )  go t o  s tandby by uae of t h e  S e t  
Mode command. 
Table  15.6-3 l i s t s  t h e  commands whtch must be up l i&ed  ( a f t e r  a aemory load  o r  a 
r e t u r n  from s tandby)  b e f o r e  t r a n s i t i o n  t o  a n a v i g a t e  mode w i l l  be al lowed.  The 
commands marked wi th  an "X" f o r  a g i v e n  n a v i g a t e  mode must be r e c e i v e d  by 
command process ing  p r i o r  t o  a t r a n s i t i o n  t o  t h a t  mode. 
1. SD- W 6- 26 3 
15-3 1 
1 
To To To Ground To 
Propaga te Space RRI or Cal 
Mode Mode Mode Mode8 
S e t  Rece iver  Channels  x X X X 
Set Mode X" X* X* X* 
NDS Almanac Upload X X** X 
HV Almanac Upload X X 
GroundjCal I n i t  X* 
RTM T n l t  X* 
S e t  TCG Time x x X 
h -_I--_. I --- 
* T-lose conaands which, an  a r e t u r n  from Standby,  must be r ece ived  a f t e r  t"he 
t r a n s i t i o n  from Standby.  
** The NDS Almanac uploaded must correspond t o  t h e  NDS s p e c i f i e d  (parameter  
RTMSID) i n  the RTM I n i t i a l i z a t i o n  Dclta Command Message. 
LSD-WC-25 3 
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I n  a d d i t i o n ,  t h e  Cround/Cal Init Cotnmslnd must be r ece ived  prior t o  each  
t r a n s i t i o n  t o  Ground Node i f  t h e  last n a v i g a t e  mode vas any th ing  o t h @ r  than  
ground mode. Likewise,  Ground/Cal I n i t  commsnd must be r ece ived  p r i o r  t o  each  
t r a n s i t i o n  to C a l  Mode i f  t h e  las t  n a v i g a t e  mode was any th ing  o t h e r  than C a l  
Mode. Tha t  is, i f  t h e  set is i n  Ground Mode and a t r a n s i t i o n  is made back t o  
Command Node ( p u l s e  is s e n t  by HV), there are no r e q u i r e d  commends t o  r e t u r n  eo 
Ground Mode; however, i f  t h e  set is i n  Cal Mode and t h e  t' m i t i o n  is made t o  
Commrtnd Mode, t h e  Ground/Cal I n i t  Commnd must be r ece ived  a g a i n  before a 
t r a n s i t i o n  t o  Ground Node w i l l  be allowed. 
Likewise ,  
Mode i f  t h e  las t  n a v i g a t e  mode was any th ing  o t h e r  t h a n  RTM Mode. 
15.6.6 COMMAND VERIFICATIOY 
t h e  RTH I n i t  Commend must be r ece ived  p r i o r  t o  each  t r a n s i t i o n  t o  R M  
Xethods of command v e r i f i c a t i o n  are g iven  in ' f ab le  15.6-4 which l i s t s  commands 
by acronym, t h e i r  p r e r e q u i s i t e  commaiids, coeplemant commands, and a r e f e r e n c e  
paragraph  f o r  cominand d e s c r i p t i o n s .  
15.6.5 CObfEWND DESCRIPTIONS 
Th i s  sect ion provides  d e s c r i p t i o n s  cf t h e  cormand func t ions  trsfrlg t h e  command 
acroiiyrcs of Table  L5.6-1 and t h e  command rimes of Table  15.6-2. 
Func t iona l  schemet ics  are provided  as an a i d  * o  under s t endf ix  t h e  command 
1.5.6.5.1 
SPRON 




O S 1  
os2 
- 
i n t e r f a c e .  Exact c i r c u i t  d e t a i l s  are de f ined  by drawings e l sewhere .  
l i e d  through t h e  ENAGPS/OISCPS Power t o  t h e  R / P A  (928 v o l t  is sup - e lay  U in 
t h e  PDU, shown on t h e  l e f t  of F igu re  L5.6-1. The R / P A  primary power c o n t r o l  
r e l a y s  c o n s i s t  af r e l a y  K7 which s u p p l i e s  +28 v o l t s  t o  t h e  S tsudby PoGer 
Conver te r  and K1 and K2 F a  ser ies  which c o n t r o l  .z Power Cont ro l  s:gn&l t o  t h e  
?fain Power Conver te r .  
The secondary  v o l t a g e s  from the Standby Power Conver t e r  supp ly  +I5 v o l t  power t o  
t h e  O s c i l l a t o r  and Prrarrp, and maintenance power t o  t h e  R/PA n - w r y .  Relay K7 
a l s o  s u p p l i e s  +:S v o l t s  t o  the O s c i l l a t o r  oven. Thus, a f t e r  o s c i l l a t a t  oven 
warm-up and R / P A  memory l oad ,  t he  R / P A  r e a d i n e s s  to o p e r a t e  is preserved  ns long 
a s  Standby Power t s  mainta ined .  
LSD-WC-263 
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The Main Power Conver t e r  s u p p l i e s  t h e  power r e q u i r e d  f o r  R/PA c p e r a r i o n .  
Relay K8 i s  open a t  i n i t i a l  turn-on EO t h a t  t h o  c a p a c i t o r s  C 1  are i n i t i a l l y  
charged through a 10 ohm r e s i s t o r .  In less t h a n  a second a f t e r  i n i t i a l  turn-ON, 
r e l a y  K8 i s  c l o s e d  by t h e  t i m e  d e l a y  c i r c u i t ,  s h o r t i n g  t h e  10 ohm r e s i s t o r  and 
e n a b l i n g  2 power-ccntrol c i r c u i t  t o  t h e  Main Power Conver t e r .  
The MPRON (Main Power ON) command c l o s e s  bo th  K 1  and K2 r e l a y s ,  8pplyir .g prime 
power t o  t h e  Main ?over  Converter .  Main power c a n  be tu rned  OFF (K2 opened) by 
i n t e r n a l  command o n l y .  MPROFF opens r e l a y s  K1 (Main Power), K7 (Standby Power), 
and resets r e l a y  K8. Because of a sneak p a t h ,  r e l a y  K8 may sometimeo no t  open 
w i t h  t h e  f i r s t  MPROF and for  t h i s  r eason  a second PlPROF is recommended a f t e r  a 
one second d e l a y .  
The s n l e c t i o n  of o s c i l l a t o r  1 o r  2 i s  e f f e c t e d  by K9, which .?Fplies +15 v o l t  
power t o  one of two l i n e s  going t o  t h e  o s c i l l a t o r .  The two lirres are 
e f f e c t i v e l y  j o i n a d ,  as show2 by t h e  s p a c e c r a f t  ha rness  a t  t h e  RfPA i n t e r f a c e ,  ' 
supplying +15 v o l t s  t o  tk-c o s c i l l a t o r  through a p a i r  of l i n e s .  ?he R/PA i s  





T h e s e  t h r e e  comman-2 are i n t e r f a c e d  i n t o  t h e  R/PX by opto-iao i t o t P ,  a8 shown i n  
F igu re  15 .6-2. The LVMD o p t o - i s o l a t o r  o u t p u t  feeds d i r e c c l y  i n t o  t h e  R/PA 
p roczsao r ,  w h i l e  t h e  0 and WED o u t p u t s  f eed  i n t o  o p p o s i t e  s i d e s  of a l c g i c  
l a t c h  ( ; l ip/fLop)  whose o u t p u t  goes t o  the  R/PA p rocesso r  and t3  t e l e m e t r y .  
The CI.0.D s i g n a l  t o  t h e  p r o c e s s o r  in effect  t e l l s  t h e  p rocesso r  t o  f i n i s h  t h c  
cur .ent  Nav iga t ion  t a s k  and then  swi t ch  t o  t b e  Command Mode. A 60 second de lay  
should f o i l o w  CHMD b e i o r e  a d d i t i o n a i  commands are i s s u e d .  
3 e  LDFlD command is [ s e d  t o  foLce tlie p r o c e s s o r  t o  t h e  Load Mode from t h e  
Command Mode. The LDEfi) command w i l l  slso set :he B i t  Map to a l l  ze ros .  
The NVMJJ command i n i t i a t e s  n a v i g a t i o n  i n  t h e  c o n f i g u r a t i o n  and mode s p e c i f i e d  by 
p r e p a r a t o r y  st .r ial  commands g i v e n  p r e v i o u s l y  i n  t h e  Commund Mode. i f  t h e  
p r e p a r a t o r y  commands are inadequa te  f s r  t h e  nnv igo t ion  node t i i s &  W D S  p x c i f t e d ,  
t h e  p r o c e s s o r  w i l l  not  berLn n a v i g a t i o n ,  atid Gill se t  the I w n h i d  Trijris i t l o n  
t s l e m e t r y  f l a g .  Also,  ai. a r p r n p r i a t e  e r r o r  ioessagr w i l l  be p l a w d  i n t o  t h e  Echo 
Buf fe r .  
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SC = Swi tch Closure t o  Signa! Ground 
Figure 15.6-2.  Command Interfaca  for  LDMD, 0, WJPIMD, TCS'P 
FROM TCST +5V I 
SC = S w i t c h  Closure to  S i g n a l  Ground 
Figure 15.6-3. Command Inter€&ca  for  TCKN 
SC E S w i t c h  Closure t o  Sign'i l  Ground 
F!gure 15.6-4. Comnmnd In t e r f ace  f o r  TO, TI, T2, T3 
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The TCST command p repa res  t h e  T ime  Code Genera tor  (TCG) t o  be set by i n h i b i t i n g  
t h e  c l o c k  p u l s e s  (1.023 MHz). See  F igu re  15.6-2 f o r  the i n t e r f a c e  CftCUft ,  and 
Figure  15.6-3 f o r  coup l ing  w i t h  t h e  TCRN command. A f t e r  t h e  TCST command is 
r e c e i v e d ,  t h e  TCG is ready  t o  be set  by t h e  serial  d a t a  command TCG S e t  Value 
(Fsragroph 15.6.5.15). 
Following t h e  TCG S e t  Value command, r e c e i p t  of t h e  TCRN command by t h e  RfPA 
removes t h e  i n h i b i t i n g  of t h e  c l o c k  p u l s e s ,  and t h e  TCC begins  coun t ing  from the 
time s e t  by t h e  S e t  Value command. The TCRN i n t e r f a c e  is  shown i n  Figure  






Each of t h e  T-&e Xarks s t r o b e s  t h e  TCC and placer ,  t h e  c u r r e n t  TCG t h e  i n t o  a 
t i n e  code b u f f e r ,  and t h e  time code b u f f e r  i s  e n t e r e d  i i i t o  Data F i l e  117 when 
Data F i l e  ?t7 i s  o u t p u t .  Each TCG t i m e  placed i n t o  t h e  tinre code b u f f e r  is  
tagged w i t h  t h e  nunber of t h e  T ine  Mark t h a t  gene ra t ed  i t .  The command 
i n t e r f a c e  is  shown i n  F igu re  15.6-4. 
15.6.5 -5  
TXOD 
CMOD 
The commnds TMOD and CWD determine  whether  t h e  t e l eme t ry  s e r i a l  d a t a  s h a l l  be 
ou tpu t  by t h e  R/PA i n  t h e  Telemetry Mode o r  Computer Mode. Landsot a lways uses  
the  Telemetry Mode in which: 
1. The Data Ready s i g n a l  i s  set t o  a l o g i c  "1" i n  synchronism w i t h  t h e  
Minor Frame Sync pu l se .  
2 .  Teiemetry d a t a  f i l e s  a l l  have a uniform l e n g t h  - 94't b i t s  (118 8 -b i t  
words ) . 
3. T h e r e  is  a t  l e a s t  ie t e l eme t ry  minor frame o f  all zeros fo l lowing  
each  d a t a  f i l e  t h a t  is ou tpu t .  
LSD-WC-2 6 3 
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I n  t h e  Computer Modo (noe usad by Landsa t ) :  
1. The Data Ready s igna l  is  set t o  a logic "1" i n  synchronism w i t h  t h e  
Word Rate signal. 
2 .  Telemetry d a t a  f i l e s  vary  i n  l e n g t h .  
3 .  Success ive  d a t a  files m y  b e  cont iguous ;  i . e . ,  t h e r e  i n  not  
nccessnr i ly  a minor €tame of a11 E e r o B  between s u c c e s s i v e  f i l e s  as 
t h e y  are o u t p u t .  
The R/PA is set to  t h e  Computer Mode o u t o t n a t i c a l l y  when Standby Power is tu rned  
ON (SPRON), BO i t  is necessa ry  t o  send  TNOMD p r i o r  t u  the  ou tpu t  of  d a t a  f i l e s .  
The command i n t e r f a c e  c i r c u i t  fe  shown i n  F i g u r e  15.6-5. 
15.6.5.6 Memory load 
Memory Lotid is m r l a l  d a t a  command. The command i n t e r f a c c  circirlt  For ser ia l  
commtnd~ is g iven  i n  Ffgirre 15.6-6. 
Memory Load i:; ti varicnhko larGth command th&e rnii r t i n p  from t h r e e  l ine ' s  
( b l a c k s )  t o  3 4  fines, thtis t n c l u d f n g  ~r range o €  nwmory words from 1 t o  6 4 .  The 
cotnnwrid requtres t t u i t  three poriam$ters he. apec: Cied. 
1 .  A ,  the s t r r r t i n g  address  of t h e  lord 
2 .  N, t h e  tiuatbsr of  s e q u e n t i a l  16-bfr wo~cier to  be loaded. 
3. W ,  t h e  16 b i t s  of aitch word. 
The Mc,xnry Load command will be accepted by t h a  R/PA o n l y  w h y  the 
the Load Mode. 
K/PA 18 i n  
15.5.5.7 B i t  Map O u t p u t  
B i t  Ffap Outpitt is H se r i a l  data command. See Figure 15.6-6 for tlim e Icc t rLcn1  
f nf erf w e .  
LSD-WPC-2h 3 
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The command r e q u i r e s  t h e  s p e c i f i c a t i o n  N ,  indicating how many times t h e  B i t  Hap 
is  t o  be t r a n s m i t t e d .  
The B i t  Map (Data F i l e  # l )  is e check o f  t h e  accuracy  of a memory load, as 
rece ivad  by t h e  U/Ph. A l o g i c  1 in t h e  B i t  Map i nd , i ca t a s  t h a t  the, chocksum 
t r a n s m i t t e d  w i t h  n Memory Load message containing 64 16-bit words agrsae with  e 
checksum perPotmed by t h e  U/PA on t hose  64 words. Tho starting a d d r e s s  on each 
64 words must be a m u l t i p l e  of 64. 
The K i t  Map is a l so  used t o  v e r i f y  a Memory Diagnos t i c  Tes t .  
Tho Bit Map Output is accepted  by t h e  R/PA only  in t h e  Load Mode. 
15.6.5.8 S t a r t  Execution 
Tho S t a r t  Execut ion  command is a s e r i a l  d a t a  command. See Figure  15.6-6 f o r  t h e  
e l e c t r i c a l  i n t e r f a c e .  
A f t e r  i~ complete Nomory Load which has been vlerifiad by D i e  Hap a n d l o r  mmory 
dump snd v o r i E i c s t i c n  t h e r e o f ,  o p e r a t i o n  of t h o  p r q r o m  i s  i r idt iaked by the 
S t a r t  Execution comrzwnd. "tie o n l y  pursmater t o  be speciffed Ls t h e  address  a t  
which execut ion  i s  t o  begin.  The axes t i t ton  $ h a l l  be foE1owod by 13 one mfn:xts 
be i n  the Command Pfoda. 
d e l s y  LO allow € O S  i n i t L a l i z a t i o t l .  A t  ehe and C I ~  the  B K e C U t i O i l ,  tha R f P A  w i l l  
S t a r t  Exect i t ton can be received in the Load Mode only ,  and only a f t e r  B 
completed memor'r loud.  
15.6.5.9 Prwer Down 
The Power Down commtnd is 5 s e r i a l  d s t a  commnnd. Sco Figure 15.6-6 foe Eh-? 
e l e c t r i c a l  i n t e r f a c e .  
-
The power Down commund cuii be accepted  only i n  t h e  Load ?lode, and is used 
p r i m a r i l y  fo r  p a r t i a l  memory l o a d i n g .  After II p a r t l n l  l o a d ,  t h e  Power Down 
Commtnd t i 1 1 0 ~ : ~  u r e t u r n  t o  t h e  Standby Mode. When t h e  n e x t  p a r t i a l  load Is t o  
bcg in ,  t h o  W K O N  commind will t u r n  Hain Power ON and the R / P A  w i l l  be I n  t h e  
Lo&iif XoJe. 
15 .b . f . IO Humor!, Dtimp 
The Mtvmry Dump cornilwncl i s  a s e r t a 1  data command. See Figitre 15.6-6 f o r  the 
e lec t  r t c a l  i n t e r €  ace. 
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The Memory Dump command i n i t i a t e 8  a dump of t h e  R/PA memory. The CUE 
accep ted  o n l y  i n  t h e  Load Mode. 
The parameters  t h a t  must be s p e c i f i e d  are ( 1 )  t h e  number of 256 word b locks  t o  
be dumped and ( 2 )  t h e  l o c a t i o n  where t h e  dump is t5 begin.  The paramatars  must 
be such  t h a t  a l l  o f  t h e  memory l o c a t t o n s  r eques t ed  are w i t h i n  t h e  range of t h e  
R / P A  memory; i . e . ,  0 t o  57,343 i n c l u s i v e  (dec imal  notintion). The dump w i l l  begln 
i r n a d i a t e l y  a f t e r  t h e  cormnand i 5  r ece ived  by t h e  R/PA. 
15.6.%.11 Meaory Diagnos t i c  
The Memory Diagnos t i c  i s  a s e r i a l  d a t a  command. Sa@ Figure  15.6-6 f o r  t h e  
e l e c t r i c a l  i n t e r f a c e .  
The Memory Diagnos t i c  command i n i t l a t e e  a a e l f - t e s t  r o u t i n e  i n  which each  nnamory 
addres s  is w r i t t e n  t o  and then  r ead  out. The Read-Write va lues  are compared. 
The d i a g n o s t i c  t es t  r equ i r e8  30 seconds,  and a 30 second de lay  should  fo l low t h e  
cornmend t o  a l low time €or the! t e s t .  
A B i t  Mop command should  fo l low t h e  Memory Ciagnoot ic  ( a f t e r  39 seconds). Each 
l o g i c  1 i n  the  B i t  Map i n d i c a t e s  a c o r r e c t  wr i te - read  comparison of 64  
addresses. 
By t h e  wr i te - read  procedure ,  t h e  t e s t  d e s t r o y s  p r i o r  memory load ,  and should  be 
used t h e r e f o r e  before  memory load.  
15.6.5.12 S e t  Rece iver  Channels -
S e t  Rece iver  Channels is  a s e r i a l  d a t a  command which must be r ece ived  by tha  
R i l i A  bn t h e  Command Mode on ly .  See F igure  15.64 f o r  t h e  e lec t r ice l  i n t e r f a c e .  
If  t h e  E b i t  ( 4 t h  b i t  of commsnd) is a l o g i c  1 ,  the command w i l l  be s t o r e d  in 
t h e  Echo Buf fe r .  
T h e  command d i r e c t s  the s p e c i f i c  c o n f i g u r a t i o n  of ehe receivers A and 8 ,  ehe 
channel  c o n f i g u r a t i o n ,  and t h e  a c q u i s i t i o n  mode. Three parameters  mus~ be 
s p e c i f i e d :  
1. P, which specifies r e c e i v e r s  o f f ,  s i n g l e  channel  (pr imary O N  o n l y j  or 
dual  channel  (bo th  channels  O N ) .  
2 .  C, which specif ies  n o r m 1  or  c ros sed  r e c e i v e r  channel  c o n f i g u r a t i o n s .  
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15.6.5.13 S e t  Node 
The S e t  Receiver Channels  command must be s e n t  be fo re  t h e  TCG S e t  v a l u e  command. 
-_.__ 
S e t  Node is  8 serial d a t a  command which must be r e c e i v e d  by the R/PA i n  the 
Conunand %ode only .  
I f  t h e  E h i t  ( 4 t h  b i t  of conmand) i s  a l o g i c  1, t h e  command w i l l  be s t o r e d  i n  
t h e  Echo Buf fe r .  
See  F i g u r e  15.6-6 f o r  t h e  electrical. i n t e r f a c e .  
The cormaand d i r e c t s  t h e  subsequent  o p e r a t i o n a l  c o n f i g u r a t i o n  of  t h e  R/PA. 
parameters must be s p e c i f i e d :  
Three 
1. L ,  which d i r e c t s  t h e  R/PA t o  go t o  t h e  Standby Mode i m m d i a t e l y ,  o r  t o  
p r e p a r e  f o r  a Naviga t ion  Mode. I f  L is a l o g i c  0,  s o f t w a r e  w i l l  t u r n  
OFF t h e  main power c o n v e r t e r  by r e s e t t i n g  K2, shown i n  F igu re  15.6-1. 
I f  M i s  set t o  l o g i c  0 ,  t h e  R/PA w i l l  r e t u r n  t o  t h e  Command Mode when 
MPRQN l a t e r  t u r n s  t h e  ;*lain Power Conver te r  ON. 
2 .  14, which d i r e c t s  the R i P A  t o  t h e  Comand Piode cr t o  any of f i s e  
Navigation Modes. 
N ,  which d i r e c t s  t h e  R/PA t o  a mode of NDS (Navigation Data S a t e l l i t e )  
Alrsanac c o l l e c t i o n .  
3 .  
15.6.5.14 S e t  Data F i l e  Index 
S e t  Data F i l e  Index  i s  a s e r i a l  data command which must be  r ece ived  by t h e  
i n  t h e  Command Mode only. See  F igu re  15.6-6 f o r  t h e  electrical  i n t e r f a c e .  
If the E b i t  ( 4 t h  b i t  o f  command) is  a l o g i c  1, t h e  command w i l l  be s t o r e d  i n  
t h c  Echo Buffor .  
---- 
hlPA 
The command d i r e c t s  t h e  subsequent  f requency  of ou tpu t  of Data F i l e s  3 through 
11. F i l e s  0 (Echo B u f f e r ) ,  1 (Bit Map) and 2 (Memory Dump) are o u t p u t  by d i r e c t  
command r e q u e s t s  o n l y ,  and t h e  Data  F i l e  Index  command cannot  be used t o  r e q u e s t  
t h e i r  o u t p u t s .  
Twc parameters must be s p e c i f i e d :  
1. F ,  which i d e n t i f i e s  t h e  Data. File being  addres sed*  As noted abwc, 
o n l y  f i l e s  3 t o  11 must be addressed .  
2 .  TR, which i n d i c a t e s  t he  p e r i o d i c i t y  of ou tpu t  d e s i r e d  f o r  t h e  f i l e ,  i n  
terms of t h e  Naviga t ion  Cycle. The al lowed range is from one 
approximate ly  every  s i x  seconds t o  one approximate ly  every  2 . 3  days.  
The va lue  of TR is a p p l i c a b l e  t o  f i l e s  4 ,  7, 8 and 10 on ly .  For f i l e s  
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o n l y  t h a t  t h e  f i l e  s h a l l  be o u t p u t  when new d a t a  are a v a i l a b l e .  
Landsat  w i l l  n o t  u s e  f i l e  6 .  
I f  TR i s  e q u a l  t o  z e r o ,  t h e  i n d i c a t e d  f i l e  is n o t  be o u t p u t  a t  a l l .  
I f  a S e t  3ata F i l e  Index command f o r  p a r t i c u l a r  f i l e  is not  
t r a n s m i t t e d ,  t h a t  f i l e  w i l l  no t  be o u t p u t .  
15.6.5.15 TCG S e t  Value 
TCG (Time Code Genera tor )  S e t  Value is a serial d a t a  command which must be 
r e c e i v e d  by t h e  R/PA i n  t h e  Command Mode only.  See  F i g u r e  15.6-6 f o r  t h e  
electrical  i n t e r f a c e .  
I f  t h e  E b i t  ( 4 t h  b i t  of command) is  a l o g i c  1, t h e  command w i l l  be s t o r e d  i n  
t h e  Echo Buffer .  
The command sets t h e  TCG to  a s p e c i f i c  t i m e ,  i n d i c a t e d  by t h e  command i t s e l f .  
P r i o r  t o  g i v i n g  t h e  conmand, t h e  TCG must be  s topped  by t h e  d i s c r e t e  command 
TCST. A f t e r  t h e  TCG S e t  Value command is t r a n s m i t t e d ,  t h e  d i s c r e t e  command T C W  
must be  The 
TCRN command must be s e n t  so as t o  start  t h e  TCG w i t h i p  two seconds of t h e  S e t  
Value of time, o t h e r w i s e  a c q u i s i t i o n  of NDS sa te l l i t es  w L l l  not  be p o s s i b l e .  
-- --
g i v e n  so t h a t  t h e  TCG w i l l  s t a r t  running from t h e  S e t  Value t i m e .  
Two parameters  are s p e c i f i e d  f o r  s e t t i n g  t i m e :  
1. T,  which s p e c i f i e s  t h e  time e l a p s e d  from sme d e s i g n a t e d  t i m e  To, such 
as t h e  beginning of t h e  year .  T t h e n  becomes TCG t i m e  when t h e  TCG i s  
s t a r t e d  by TCRN. 
2. D, which s p e c i f i e s  t h e  o f f s e t  between ( A )  t h e  l a s t  ti= b e f o r e  To when 
GPS cime A l t e r n a t e l y  d e f i n e d ,  i t  can  be s t a t e d  t h a t  
GPS t i m e  a t  T . GPS t i m e  is d e f i n e d  as t h e  t i m e  ela s d s i n c e  2400 
Saturday*; GPS ?ime is e f f e c t i v e l y  reset t o  z e r o  a t  2480R (W) 
Saturday".  
0 and (BO To. 
every  
A t h i r d  parameter ,  M, i s  inc luded  i n  t h e  TCG S e t  Value command. M is n o t  
r e l a t e d  t o  any time code,  but provldes  a means o f  masking ( i n h i b i t i n g )  t i m e  
marks TMO, The TCG S e t  Value c a n  he used t o  a l te r  t h e  mask 
v a l u e s  w i t h o u t  p r i o r  use of TCST. 
The v a l u e  of M will be s i  x e d  and used t o  c o n t r o l  t h e  msking of the TPme Narks. 
*GPS t i m e ,  as t r a n s m i t t e d  by t h e  NDS sa te l l i t es ,  is not  a d j u s t e d  f o r  Leap 
Seconds. GPS t i m e ,  as of December 1981, has  been running long  enough t o  have 
accunula ted  t h r e e  l e a p  seconds.  A s  a r e s u l t ,  GPS t i m e  e q u a l s  t h r e e  seconds a t  
24Ooh GMT Saturday ,  i .e. ,  GPS time i s  reset t o  zero  a t  t h r e e  seconds b e f o r e  
2400h GHT each Saturday.  
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15.6.5.16 Host Vehic le  Almanac Upload 
The Cos t  Vehic le  (HV) Almanac Upload i s  a s e r i a l  d a t a  command which must be 
r ece ived  by t h e  R/PA i n  t h e  Command Mode only.  See  F igu re  15.6-6 f o r  t h e  
e lectr ical  i n t  e r f  ace. 
I f  t h e  E b i t  ( 4 t h  b i t  of command) i s  a l o g i c  1, t h e  command w i l l  be s t o r e d  i n  
t h e  Echo Buf fe r .  
The command s p e c i f i e s  t h e  Landsat  o r b i t  i n  Kep le r i an  o r b i t  parameters .  
A Landsa t  Almanac must be s p e c i f i e d  f o r  a l l  Navigation modes excep t  Rece ive r  
Test Mode, Ground Mode and C a l i b r a t i o n  Mode. 
15.6.5.17 NDS Almanac Upload 
The NDS Almanac Upload is  a ser ia l  d a t a  command which must be received by the  
R/PA i n  t h e  Command Mode only .  
-
See  F igure  15.6-6 f o r  t h e  electrical i n t e r f a c e .  
I f  t h e  E b i t  ( 4 t h  b i t  of commaid) i s  a Logic 1, t h e  coatiand w i l l  be s t o r e d  I n  
t h e  Echo Buffer .  
The command s p e c i f i e s  t h e  NDS Almanac (one  f o r  each NDS) i n  Kep le r i an  o r b i t  
parameters  . 
The NDS Almanac fo r  Space mode Naviga t ion  w i l l  be provided i n  hexadecimal  d a t a  
format  t o  be commandc d i r e c t l y .  
NDS htmanacs a r e  r e q u i r e d  f o r  a l l  modes of Naviga t ion  excep t  Ground Commanded 
Propagat ion .  
NDS Almanacs can  be c o l l e c t e d  by the  almanac c o l l e c t  f e a t u r e  ( s e e  S e t  Mode 
command), however, one i n i t i a l  NDS Almanac i s  always r equ i r ed  for  i n i t i a l  
acq ui s i t i o n .  
15.6.5.18 Ground /c* l ib ra t ion  I n i t i a l i z a t i o n  
Cround /Ca l ib ra t ion  1 n i t f . a l i z a t i o n  
r ece ived  by the  R/PA i n  t he  
e lec t r ica l  i n t e r f a c e .  
I f  t h e  E b i t  ( 4 t h  b i t  of command) 
t h e  Echo Buffer .  
command is  a se r ia l  d a t a  commnd which must be 
comand mode only .  See Figure 15.6-6. for t h e  
is  a l o g i c  1, t h e  connznd w i l l  b e  store( ;  i n  
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15.6.5.19 E (Rece ive r  T e s t  Mode) I n i t i a l i z a t i o n  
The R R I  I n i t i a l i z a t i o n  c o m n d  is a ser ia l  d a t a  command uh ich  must be r ece ived  
by t h e  R/PA i n  t h e  Commind mode only.  See  F i g u r e  15.6-6 € o r  t h e  e lectr ical  
i n t e r f  ace. 
I f  t h e  E b i t  ( 4 t h  b i t  of command) is a l o g i c  1, t h e  cornnand w i l l  be s t o r e d  i n  
t h e  Echo Buffer .  
The comusnd s p e c i f i e s  i n i t i a l i z a t i o n  parameters  f o r  t he  Rece iver  Test Mode. 
The comrnand c o n t a i n s  e i g h t  l i n e s  (b locks )  and t h e r e f o r e  r e q u i r e s  24 ground 
commands. 
Nine i n i t i a l i z a t i o n  parametera  must be s p e c i f i e d :  
( I n  t h e  fo l lowing ,  PR means pseudorange) 
15.6.5.20 Memory I)urap 
The t-fernorv Dump command i s  a ser ia l  d a t a  command which must be r ece ived  by t h e  
R/PA i l l  t h e  Command mode on ly .  
See F igure  15.6-6 f o r  t h e  e l e c t r i c a l  i n t e r f a c e .  
I f  t h e  E b i t  ( 4 t h  b i t  of c o m n d )  i s  a i o g i c  I, t h e  cornnand w i l l .  be s t o r e d  i n  
the  Echo Buffer .  
The command r e q u e s t s  a s p e c i f i c  number af  16 b i t  R / P A  rcemory words to be dumped, 
and t h e  address a t  which the  duap is t o  begin. The r 5 s u I t i n g  ou tpu t  is Date 
F i l e  2 ,  R / P A  memory c o n t e n t s .  
Two parameters  must be s p e c i f i e d :  
1. 





7 .  
8. 
9 .  
I n i t i a l  PR estimate 
PR rate 
PR a c c e l e r a t i o n  
I n i t i a l  PR u n c e r t z f n t y  
Subsequent PR u n c e r t a i n t y  
I n i t i a l  PR ra te  u n c e r t a i n t y  
Subsequent PR rate u n c e r t a i n t y  
S a t e l l i t e  I D  
P r e p o s i t i o n i n g  c o n t r o l  
1. A ,  t h e  a d d r e s s  at which t h e  dump i s  t o  s t a r t .  
2. N ,  t h e  number o F  16 b i t  memory words t o  be dusped. 
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The r c q u e s t  f c -  a dump must c o n t a i n  paraa te te rs  t h a t  r e q u e s t  on ly  addres ses  
e n t i r e l y  w i t h i n  t h e  R/PA range of a d d r e s s e s ,  namely, 0 t o  57,343 (dec imal ) .  
Thus, &he l i m i t a t i o n s  on A and N are ( i n  dec imal  n o t a t i o n ) .  
0 < A < 57,343 
0 - A (N-1) Y < 57,343 
14emory l o c a t i o n s  32,640 through 32,767 are non-addressable ,  and w i l l  appea r  as 
a13. z e r o s  i n  t h e  o u t p u t  when dumped. 
The dump w i l l  beg in  immediately a f t e r  t h e  command is  r ece ived .  
15.6.5.21 Echo Data Command Buffer  --
T h i s  command i s  a serial  d a t a  command which must be r ece ived  by t h e  R/PA i n  t h e  
Command mode only .  See  F igu re  15.6-6 f o r  t h i  electrical  i n t e r f a c e .  
If t h e  E b i t  ( 4 t h  b i t  of comraand) is a l o g t c  1, t h e  comrnand w i l l  be s t o r e d  f.n 
t h e  Echo Buffer .  
The comoand r e q u e s t s  Data FiLe 0 which c o n t a i n s  a cogy of 811 previous  cotg~-ends 
(whose E b i t  was l o g f c  1) plus a l l  cornlands t h a t  conta ined  e r r o r s  (reghrlless 
of t h e  E b i t  ir. t h o s e  commands) and a n  e r r o r  uessb=* preceding  t h e  e r roneous  
command. 
The e r r o r  message preceding  t h e  e r roneous  command d e s c r i b e s  t h e  command f a u l t ,  
such a s  checksum e r r o r ,  i n v a l i d  command c o n s t r u c t i o n  ( t o o  many o r  too  few l i n e s ,  
t r a i l e r  l i n e  o u t  of sequence ,  e t c . ) ,  i n v a l i d  d a t a  (parameters  o u t  of r ange ) ,  o r  
i r s u f f i c i e n t  d a t a  f o r  t r a n s i t i o n  t o  t h e  n a v i g a t i o n  mode r eques t ed .  
Success ive  f rames ,  each c o n t a i n i n g  22 l i n e s  (b locks} ,  a r e  ou tpu t  u n t i l  t h e  Echo 
Buffer  i s  empty. Each frame c o n t a i n s  22 l i n e s  ( b l o c k s )  of commands and/or  e r r o r  
messages. Zeros f i l l  unused l i n e s .  An EOT i n d i c a t o r  (16 l o g i c  ones )  i n d i c a t e s  
l a s t  frame. 
A l l  s e r ia l  d a t a  comnrir~Is t r a n s m i t t e d  in t h e  Command Mode can  thus  be v e r i f i e d  
p r i o r  t o  commanding t h e  Naviga t ion  mode. 
The Echo Data Cormand Buffer  command has no v a r i a b l e  pzirar=ters; i - e . ,  i t  Is a 
f ixed-f  i e l d  conmarid. 
The Echo B u f f e r  i s  set  to a l l  zeros a f t e r  t h e  Data F i l e  has been t r a n s m i t t e d .  
LSD-WPC-263 
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1. 
2 .  
3 .  
4 .  
5. 
6 .  
7 .  
8. 




The R / P A  can  be damaged i f  v o l t a g e  is brclught up s lowly  from v o l t s  
t o  4-28 v o l t s  ( i n  g r e a t e r  t h a n  10 m i l l i s e c o a d s ) .  T h e r e f o r e ,  v o l t a g e  is 
t o  be a p p l i e d  t o  t h e  R / P A  o n l y  by a s w i t c h  c l o s u r e  to  t h e  f u l l y  
e n e r g i z e d  pouer bus.  
The R/PA s h a l l  be v e r i f i e d  OFF p r i o r  t o  de-energizing t n e  FS. 
S i n g l e  l i n e s  (48 b i t s )  of serial commands s h a l l  not  be s en t  t o  t h e  
R / P A  a t  a rate f a s t e r  t han  one p e r  6 m i l l i s e c o n d s .  
C 
There s h a l l  be a d e l a y  of 3ae second minimum between s u c c e s s i v e  s e r i a l  
d a t a  commands. C e r t a i n  se r ia l  commands, l i s t e d  delow, r e q u i r e  a de lay  
g r e a t e r  t han  one second. 
A Memory D i a g n o s t i c  cornnnnd n u s t  be fol lowed by a de lay  of 30 seconds.  
A Command Mode corswnd must be fol lor jed by a. d e l a y  of 60 zeconds. 
There s h a l l  be a om-second de lay  betseen R/P4 Standby Prlver ON and 
R / P A  OFF, 5etween R / P A  Main. Pouer ON 2nd R / P A  OFF, and beLween R I P h  
OFF and R / P A  Standby Power ON. 
Each R/Ph GFF command s h a l l  be fol lowed by a second R / P A  OrF cokmand, 
delayed a t  least  100 m i l l i s e c o n d s  from t h e  f i r s t .  A l s o ,  p r i o r  t o  e:ch 
R / P A  Standby Power ON command, a n  R / P A  OFF command s h a l l  be i s s u e d .  
These a d d i t i o n a l  R/PA OFF conrrstnds a r e  r equ i r ed  t o  d - su re  chat t h e  
r e l a y  PS h a s  been switched t o  dFP. 
There s h a l l  be d d e l a y  of on2 minute minimum a f t e r  t h e  START EXECUTE 
command SE40 p r i o r  t o  t r a n s m i s s i o n  of next  command. 
There s h a l l  be a de lay  of one second between t r a n s m i s s i o n  of STAPIDW 
POWER O N  command ( 8 3 4 )  and t h e  MAIM POWER ON commnd 1820). 
The G P S  Ennb1.e cuxmand s h a l l  be preceded by a n  R/PA OFF coniaand a d  
one secona d e l a y .  
I f  t h e  R / P A  has  been placed i n t o  t h e  Standby mode by an  SClO (Mode 
S e l e c t ,  go t o  Standby,  r e t u r n  in Cornnand mode) and Main Power ON i s  
commanded. Subsequent ly ,  t h e  R/Pk will go t o  t h e  Command mode. The 
Main Power O N  command s h a l l  be fol lowed by a 60 secocd d e l a y .  
a 
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15.7 RECEIGER/PROCESSOR ASSEMSLY (Y./PA) TELEMETRY 
15.7.1 GENERAL DESCF.T?TION 
- ~ _I_-- 
The R/PA prov idzs  i n t e r n e l  t e l eme t ry  s i g n a l s  t o  a l l o w  de terminac ion  of  GPS 
Subsystem's g e n e r a l  "hea l th"  and s t a t u s .  The t e l e m e t r y  p o i n t s  c o n s i s t  of s i n g l e  
b i l e v e l  measure-sents f o r  s t a t u s ,  d i a g n o s t i c  and built-j.a test r e s u l t s .  E x t e r n a l  
and i n t e r n a l  a n a l o g  v o l t a g e s ,  c c r r e n t s ,  t empera tu res ,  etc. ,  are conver ted  from 
analog  A l l  t e l e m e t r y  p o i n t s  are 
mul t ip l exed  i n t o  a sing'e serial  o u t p u t ,  t h a t  i s  ava f l i i b l e  i n  Telemetry S e r i a l  
Data F i l e  4. 
I n  a d d i t i o n  t o  t h e  composi te  d i g i t a l  t e l eme t ry  d a t a  stream, a c r i t i ca l  s u b s e t  of 
t e l e m e t r y  d a t a  is made a v a i l a b l e  i n  p a r a l l e l  format  i n  d i r e c t  ana log  o r  d i g i t a l  
form (e .g . ,  10 ana log  f u n c t i o n s  p l ~ s  32 b i n e r y  f u n c t i o n s ) .  T h i s  c r i t i ca l  s u b s e t  
is a v a i l a b l e  as long  as s t andby  power i s  a p p l i e d  t o  t h e  R / P A .  A l l  t h e  var io i i s  
R/PA o p e r a t i n g  modes, whether  t hey  are a f f e c t e d  by d i s c r e t e  comaand, d a t a  
coamand, o r  by au tomat i c  o p e r a t i o n  of t h e  R / P A  i t s e l f ,  are v e r i f i e d  by d i s c r e t e  
t e l eme t ry ,  and a r e  inc luded  i n  t h e  c r i t i ca l  s u b s e t .  
15.7.2 GPS TELEMETRY FORMAT - SERIAL DATA, 
t o  d i g i t a l  w i t k  a r e s o l u t i o n  of 8 b i t s  b i n a r y .  
The GPS Telemetry Format f o r  S c r i s l  Data is ahown Xn Figure 15.7-1. The 
Spacec ra f t  Real S ' ime Mission Telemotry Format f o r  G!'S d a t a  f i l e s  CORSf .S tS  of 11 
minor frames (rows) of twelvn  8 b i t  words (csluinns 1; t h r c  26). The S p a c e c r a f t  
Real T ime  engineering Telen,,atry Format c o n s i s t s  of 25 &nor  f'ames (rows)  o f  
;ive 8 b i t  words (co1u.a 1 7  t h r u  21). Thz f o m t  f o r  e i t h e r  miss ion  o r  
eng inee r jng  d a t a  adds  z e r o  va lue  words t o  f i l l  t h e  rows a s  needed t o  compl.:te a 
Xajor  F r a e ,  .md d a t a  f i l e s  are s e p s r a t e d  by one row of z e r o  va lue  words. 
15.7.3 CRITICAL TELEETRY OUTPUT 
The R/PA o u t p u t s  10 a r a l o g  d a t a  meixurements dh ich  are sampled by Landsat-D n o t  
less than  once du r ing  each  10-second i n t e r v a l .  There  a r e  up t o  32 b i n a r y  " t a  
measurements which .Ire sampled by Landsat-D n o t  less t t a n  once every  5 seconds 
The c r i t i c a l  t e l emz t ry  i d e n t i f i c a t i o n  is shown i n  Tabie  15.7-2. LO e q u a l s  log1 
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Figure  15.7-1. Te iene t ry  Format f o r  Serial Cnta 
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Table 15.7-2. Critical Telemetry Functions 
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The R/PA h e a l t h  and s t a t u s  t e l e m e t r y  is  a v a i l a b l e  i n  S e r i a l  Data File 4 o r  
d i r e c t l y  v i s  R Z U  #7. The f u n c t i o n s  of t h e  c r i t i ca l  s u b s e t  t h a t  have meaning 
d u r i n g  STANDBY Mode remain a v a i l a b l e  as long as a tandby power is a p p l i e d  t o  t h e  
R/PA.  A l l  o p e r a t i n g  modes of t h e  A/Ph, whether  c o n t r o l l e d  by d i s c r e t e  commands, 
by d a t a  commands or  by a u t o m a t i c  o p e r a t i o n  of t h e  R/PA,  are v e r i f i a b l e  by t h e  
ana log  o r  d i s c r e t e  t e l e m e t r y .  For  d e t a i l s ,  see Appendix A ,  Volume 11 
(Telemetry)  Data Format C o n t r o l  Book. 
15.7.4.1 R / P A  Telemetry D e s c r i p t i o n 8  
15.7.4.1.1 Data Ready B i t  
The h h  Ready b i t  i n d i c a t e s  when a d a t a  f i l e  is provided  by t h e  R/PA ser ia l  
o u t p u t  t o  t h e  t e l e m e t r y  stream. When t h e  b i t  is.gZ?t t o  a l o g i c a l  1, t h e  R/PA 
o u t p u t s  a d a t a  f i l e  s t a r t i n g  w i t h  t h e  n e x t  row a v a i l a b l e  i n  t h e  m a t r i x  
a l l o c a t i o n  f o r  t h e  s e r i a l  d a t a  o u t p u t .  When s e t  t o  a l o g i c a l  0, t h e r e  is no 
R/PA d a t a  f i l e s  ready f o r  o u t p u t  and t h e  R/FA o u t p u t s  c o n t i n u o u s  z e r o e s  i n  t h e  
ma t r ix  p o s i t i o n s  (rows)  a l loca ted  f o r  s e r i a l  da ta  f i l e  o u t p u t .  T h i s  b i t  can  be 
used by t h e  OBC t o  recognize  d a t a  f i l e  a v a i l e b t f i t y .  Tho Eata Ready b f t  goes 
h igh ,  " I - " ,  i n  s* 'nc w i t h  t h e  minor frame sync  pulse. .  
15.7.4.1.2 Mode 5:atus Bit 
The Mode S t a t u s  b i t  is e f t h e r  a l o g i c  1 which i s  e q u a l  t o  t h e  Computer mode of 
o u t p u t  (not used by Landat-D) o r  a l o g i c  0 which is e q u a l  t o  t h e  t e l e m e t r y  mode 
where each  d a t a  f i l e  is 944 bits long  and each d a t a  f i l e  must be s e p a r a t e d  by a 
row of  z e r o s .  
15.7.4.1.3 Overrun B i t  
The Overrur. b i t  is an i n d i c a t i o n  o€ t h e  R / P A  memory b u f f e r  s t a t u s  i n  teras of 
i t s  s c o r i n g  da t a  f i l e s  f o r  subsequent  t e l e m e t r y  o u t p u t .  When t h i s  b i t  is set t o  
a l o g i c a l  L ,  t h e  R / P A  b u f f e r  has  overf lowed and d a t a  f i l e ( 8 )  is (are) l o s t ;  when 
set to n l o g i c 8 1  0, t h e  b u f f e r  i s  not  f u l l  and over f low does not  e x i s t .  T h i s  is 
t h e  normal sfnee of  t h e  b u f f e r .  
15.7.4.1.4 Mode B i t s  1 ,  2 ,  3 and 4 
These  s i g n a l s  should  'ne considered as a group Eomtng a & b i t  htnsry  number 
rangfi?g from 0 through L5 dt?cimal. Mode B i t  I i s  the most significant b i t  
( R S E ) ;  Mode B i t  6 i s  ;he l e e s t  s ignt : icsn t  b i t  (LSB) .  Thest? s i g n a l s  s p e c i f y  tlw 
c u r r e n t  o p e r i i t l o n a l  node oi t h e  R / P A .  The i n t e r p r e t a t i o n  of each  b i t  sequence 
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Mode B i t  
























0 0 0 0  STANDBY 
0 0 0 1  SPARE 
0 0 1 0  LOAD 
0 0 1 1  PROPAGATE (COMMANDED) 
0 1 0 0  COMMAND 
0 1 0 1  GROUND 
0 1 1 0  CAL 
0 1 1 1  RTM 
1 0 0 0  SPACE (ST, P ,  ND) 
1 0 0 1  SPACE (ST, P,  D) 
1 0 1 0  SPACE (ST, C I A ,  ND) 
L O 1 1  SPACE (ST, C/A,  D> 
1 1 0 0  SIPACE (TTF'F, P, ND)  
1 1 0 1  SPACE (TTFF, P ,  D) 
1 1 1 0  SPACE (TTFF, C I A ,  ND) 
1 1 1 1  SPACE (TTFP, C / A ,  D )  
Sequen t i a l  Track  S t a t e  
Tine-to-f f r s t - f i x  S t a t e  
Tracking F Code 
TGracking C / A  Code 
Data Demodulation Dwell 
Non Data Dernodulation D w e l l  
Mode E f t  1 f u n c t i o n s  as a SPACE/NON-SPACE mode i n d i c a t o r .  I n  t h e  SPACE mode, 
Mode B i t s  2 , 3 ,  and 4 i n d i c a t e :  
\ 
Mode B i t  2: Sequential-track/time-to-first-f i x  
Mode B i t  3 :  P Code / C / A  code 
Mode B i t  4 :  Data D w e l l  1 Non-Data D w e l l  
15.7.4.1.5 I n i t i a l i z a t i o n  B i t  
The f i r s t  p o r t i o n  of  p rocess ing  a f t e r  a t r a n s i t i o n  from COMMAND mode i n t o  any  
NAVIGATION mode ( i . e . ,  SPACE, e tc . )  i s  INITIALIZATION. T h i s  b i t  is  s e t  t o  t h e  
l o g i c  1 s t a t e  w h i l e  t h e  sys tem i s  performfng 1NITIALIZATION; i t  is a t  l o g i c  0 
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15.7.4.1.6 Propaga te  B i t  
The p ropaga te  s t a t u s  b i t  i n d i c a t e s  when t h e  R/PA is  p ropaga t ing  the n a v i g a t i o n  
s o l u t i o n  and no t  u p d a t i n g  i t  w i t h  r ang ing  measurements. T h i s  c a n  o c c u r  i n  4 
situations. 
1. I n  COMMCiND mode 
2. I n  PROPAGATE mode 
3 .  I n  ALMANAC COLLECT mode 




d .  
e .  
In TTFF p r i o r  t o  t h e  f i r s t  measurement a t t e m p t .  
I n  s e q u e n t i a l  t r a c k  du r ing  a VCO c a l i b r a t i o n  dwell .  
I n  s e q u e n t i a l  t r a c k  d u r i n g  s a t e l l i t e  changeover (wh i l e  t h e  
r e c e i v e r  is a c q u i r i n g  a new sa t e l l i t e  and demodulating i t s  
ephemeris  d a t a )  
I n  s e q u e n t i a l  t r a c k  whcn t h e r e  i 5  a sLgna1 drop-out an3 no 
measurement o c c u r s  w i t h i n  t h e  f i r s t  s i x  seconds of rz dwel l .  
When t h e  number o€ snte1Ht"iteo i n  view d rops  below a d a t a  base 
c o n s t a n t  ( N o r n a l l y  se t  t o  o n e ) ,  the r e c e i v e r s  are pciraered o f f ,  no 
measurements are made, and t h e  n a v i g a t i o n  s o l u t i o n  is  propagated.  
15.7.4.1.7 Almanac C o l l e c t  B i t  
The Almanac C o l l e c t  h i t  i n d i c a t e s  when t h e  R/PA is  i n  t h e  ALMANAC COLLECT mode. 
During t h i s  mode, t h e  s i g n a l  w i l l  be s e t  t o  l o g i c  1: o the rwise ,  i t  w i l l  be k e p t  
a t  l o g i c  0. 
15.7.4.1.8 S a t  B i t s  1 and 2 
These two s t a t u s  b i t s  i n d i c a t e  t h e  number of s a t e l l i t e s  c u r r e n t l y  being 
s u c c e s s f u l l y  t r acked  by t h e  R/PA. The i n t e r p r e t a t i o n  i s  as follows: 
S a t  B i t  112 ---S a t  B i t  l'il 
0 -  - 0 E i t h e r  4 o r  0 M)S being t r acked  
1 1 NDS being tracked 
0 2 NDCJ being t r a c k e d  
I 3 NDDS being t r ? c k e d  
Note t h a t  t h e  Propogate  t e l eme t ry  b i t  i n d i c a t e s  whether t h e  R / P A  i s  propaga t ing  
o r  n a v i g a t i n g  w i l l  d i s t i n g u i s h  between t h e  0 and 4 case. When 4 NDS are be ing  
s u c c e s s f u l l y  t r a c k e d ,  t h e  s e t  w i l l  not be p ropaga t ing .  
L SD- hT C- 2 6 3 
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The t r a n s i t i o n  s t a t u s  b l t  pc-ovld@a B warnlrrr, vhc?rnwe?r thil R t P A  Iina baen giveit a 
command t o  mako a t r a n s i t i o n  in to  c1 new mod,* brat i n s u f f i c i e n t  1 n i t ; a l i t a t i o n  
data had b e n  supplied. As sn example, t h e  R/PA could be commanded t o  enter t h o  
SPACE w d a  from C O H W D  wi thou t  a spec i f ic tat fan of ttia recelvar c o n f i g u r a t i o n .  
When t h i s  s i t u a t i o n  occurs ,  the K f Y A  remains ir, l t e  prior mode and t h i s  sf$nnl 
i s  set ro l o g l c  1. In n o m a 1  o p r a t i o n ,  i t  is kept  a t  log ic  0. Once s e t ,  t h i s  
s1sn:al u l l i  r emi in  ci l og lc  1 u n t t l  o l t h a r  t h e  requlred data is rat:ppliad sr t h e  
mode c r : in s l t i on  request l a  aborted.  
15.7.G.1.10 Diagnos t i c  Warning B i t  
The diagnostic s t a t u e  b i e  i n n i c a t o s  t h a t  a non-fatal  error c o n d l t i o n  h a s  been 
detected hy the R/PA and t h a t  dlagnostlc 1nfolmcPtlon hiw k e n  placed I n  SQr1al 
Data F i l e  4 .  In normul  o p e r a t t o n ,  t h i s  stgnal  1 s  fir l o g i c  0; when an error 
coi idl t ioi i  is detec ted ,  i t  1s changed t o  l o g i c  1. Mian d a t a  f i l a  4 i a  o u t p u t ,  
s i g n a l  : 
t h e  S L X ; I A ~  1s reset t o  l o g i c  0 .  The f o l l c > w i ; N ;  w i l l  nc t fv t i t e  t h i s  warnin$ 
1. 
9 
L .  
3 .  
4. 
5 .  
b. 
sws-10266 
31 December 1981 
The i n t e r p r e t a t i o n  of t h e  2 b i t  poss / fo i l  combinutions ar0 as Follows: 





0 Power-up value,  o r  have bean cleared 
for either of two reasons  above. 
0 L a s t  atessage received has paused 
s o f t w a r e  check.  
1 Last message r ece ived  h a s  f a i l e d  
sof twnre check.  
1 Illegal combinat ion.  Its occurrence 
is due to S e t  hardware when powering 
up  o r  s o f t w a r e  error. 
These signals are dormant durtng STANDBY. 
15.7 .h .1 .12  B u i l t  I n  Test ( B I T )  Error  S i t  
T h i s  b i t  i n  t h e  telemetry stretior Is set  t o  1ogic:rl I when rhe t lu i lc  I n  T e s t  
f u n c t i o n  d c t e c t e  ta f a t a l  5 o f t w ~ r e  error .  Z e t e c t l n g  N RIT errclr C R C I S ~ S  t h e  R/PA 
t o  t r a n s f e r  (umier softusre c o n t r o l )  t o  STANljHY ,'toile. The e r r o r  b i t  is reset t u  
l o ~ i c - a l  0 by lirrrdwarr d u r i n g  powerup.  
19.7.4.1.13 S e t  Fatlure B i t  
The S e t  F a i l u r e  s t a t u s  b i t  i n d i c a t e s  a c r i t i c a l  t*onditior;. 
When a c r i t i c a l  s o f t w a r e  c o n d i t i o n  is detectt-d t h e  S e t  F a i l u r e  b i t  is s e t  t o  
l u g f c ~ l  1 arid ttre R/PA t r a n s f e r s  t o  STANDBY Mode. I t  f s  r e t u r n e d  t o  l o g i c a l  0 
upon powcnip. T h e  f o l l o v i n g  will a c t i v a t e  t h e  S e t  Failure b i t :  
I .  When s a t e l l i t e  da t a  g a t h e r i n g  d e t e c t s  an i l l e g n l  mode. 
2 .  When r e c e i v e r  p r o c e s s i n g  d e t e c t s  t h a t  c e r t a i n  r c c e l v e r  parameters  have 
exceeded cil lowahle bounds and d a t a  is  s u s p e c t .  
i 
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\ 
TCC Set/Uun goes  t o  a l o g i c  1 whenever the TCG Run p u l s e  is rece ived ,  and starts 
t h e  TCG c o u n t e r .  
15.7.4.1.15 R/PA Power B i t  
The Power t e l e m e t r y  b i t  Fa used t o  i n d i c a t e  when STANDBY Power is  on. The 
s ta te  of t h i s  t e l e a e t r y  b i t  is c o n t r o l l e d  w i t h  t h e  power ON d i s c r e t e  command 
(P2) and power OFF d i s c r e t e  command ( P l ) .  The power ON p u l s e  s e t a  t h i s  s i g n a l  
t o  logic 1. The power OFF p u l s e  command s h u t s  a l l  power off  and s e t a  t h i s  
s i g n a l  to  logic 0. 
R/PA 
15.7.4.1.16 Main Power B i t  
The Main Power telemetry b i t  is  used t o  i n d i c a t e  whether Main Power is  on o r  
o f f .  When Main Power is ON, t h i s  s i g n a l  w i l l  be a t  l o g i c  1. When b i n  Power is 
OFF, i t  w i l l  be a t  lo$c 0. 
15.7.4.1,17 OSC # I ,  OSC 8 2  nits 
OSC 81 and OSC #2 b i t s  are used t o  i n d i c a t e  which Reference  O s c i l l a t o r  is 
powered OW. The GPS Sub3ys te r~  used aboard LANDSAT has on ly  one  Osc i l la tor .  The 
r e l a y  c o n t a c t s  used select e i t h e r  OSC 81 o r  OSC F2 are s t r apped  t o g e t h e r  and t h e  
OSC It1 b i t  and t h e  OSC #2 b i t s  are set  t o  1. 
15.7.4.1.18 Rece ive r  Channal A end Rece iver  Channel B Bits 
These two b i t s  are used t o  i n d i c a t e  when power t o  each r e c e i v e r  channel  ( A  and 
B) i s  O N  o r  OFF. Turning r e c e i v e r  power O N  o r  OFF i s  f u l l y  c o n t r o l l e d  by 
so f tware .  These two t e l e m e t r y  b i t s  are dormat d u r i n g  STANDBY s i n c e  r e c e i v e r  
power i s  tu rned  o f f .  On powering backup, t h e  RJPA UiRDRDWARE a u t o m a t i c a l l y  s h u t s  
bo th  r e c e i v e r  chaane l  power r e l a y s  OFF. The i n t e r p r e t a t i o n  of t h e s e  two s i g n a l s  
b i t s  i s  a s  fo l lows:  
CH B - -  CH A - -  
0 0 Channel A power OFF; Channel B power OFF 
1 0 Channel A pover ON; Channel B power OFF 
0 1 Channel A posrer OFF; Channel E power ON 
1 1 Channel A Power ON; Channel B power ON 
15.7.4.1.19 S?A/CMD B i t  
The SPA/C;ia, b i t  moni tors  the s t a t u s  of t he  relay ( l a t c h  1.2) which c o n t r o l s  
whether t h e  R/?A is i n  COMMAND or  SPACE mode. The s t a t e  of t h i s  r e l a y  i s  
c o n t r o l l e d  by the  Command Mode d i s c r e t e  command ( P 5 )  and SPACE Mode p u l s e  
command (P6). A l o g i c  0 a t a t e  i n d i c a t e s  t h a t  t h e  R/PA should  be i n  C o t - M N D  
mode. A l o g i c  1 s t a t e  i n d i c a t e s  t h a t  t h e  R/Ph should  be in SPACE mode. A f t e r  a 
power down t o  STANDBY, t h e  R / P A  hardware resets t h i s  r e l a y  t o  COPVAND mode when 
t h e  se t  is powering up. 
L SD -WPC- 2 6 3 
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15.7.4.LZO DZ.fii Rece ive  B i t  
The DMA b i t  i n d i c a t e s  when t h e  t e l e m e t r y  module Direct Memory Access (DMA) 
hardware has  been c o r r e c t l y  i n i t i a l i z e d  by s o f t w a r e  t o  a c c e p t  serial  data 
commands from t h e  C&DH subsystem to  t h e  R/BA. T h i s  s i g n a l  w i l l  be set  t o  l o g i c  
1 t h e  R/PA is  i n  t h e  LOAD o r  COMMAND mode 1.t: o p e r a t i o n  and can a c c e p t  
d a t a  commands. When t h i s  s i g n a l  i s  at l o g i c  0, t h e  R/PA i s  not p r o p e r l y  t o  
a c c e p t  d a t a  commands. 
15.7.4.1.21 DMA Transmi t  B i t  
whenever 
set  
The DMA Transmi t  b i t  i n d i c a t e s  t h a t  t h e  t e l e m e t r y  module DMA hardware has been 
p r o p e r l y  set by s o f t w a r e  t o  p e r f o r n  serial d a t a  t r a a s f e r s  from t h e  R/PA t o  t h e  
C&DH Subsystem. When t h i s  b i t  is set  to  l o g i c  1, t h e  R/PA has  d a t a  f i l e s  f o r  
t r ansmiss ion  t o  t h e  ChDH Subsystem. The t e l eme t ry  module hardware resets t h i s  
s i g n a l  t o  l o g i c  0 a f t e r  a l l  serial  b i t s  of a d a t a  block have been t r a n s f e r r e d .  
The t e l e m e t r y  module s e t s  a f a i l u r e  flag i n d i c a t i n g  t h e  t y p e  of  hardware f a i l u r e  
t h a t  occur red .  When t h i s  signal is a t  l o g i c  0, t h e  DEtA t r a n s d t  hardware i s  not  
set up t o  o u t p u t  data f i l e s  t o  &he ChDH Subsysten.  
15.7.4.1.22 MEX PWR Fa-l  B i t  
The F!dR Fail b i t  monitors t h e  R/PA Ram memory power (+5V STDBY). I f  a. power 
t r a n s i e n t  occurs  on t h i s  l i n e  which d r i v e s  t h e  v o l t a g e  below memory r e t a i n  
th re sho ld  2.5 v o l t s ,  t h e  memory c o n t e n t s  would probably become i n v a l i d  an6 
r e q u i r e  r e load ing .  T h i s  s i g n a l  w i l l  be set  t o  ' log ic  1 whenever such  a n  event  
happens; i t s  nominal s ta te  i s  l o g i c  0. The R/PA hardware monitors  t h e  s ta te  of 
t h i s  s i g n a l  and a u t o m a t i c a l l y  t r a n s f e r s  t h e  system i n t o  t h e  LOAD mode ( i n s t e a d  
of COMMAND) whm t h e  R / P A  goes through a power-up sequence on Main Power. Once 
the R/PA is in t h e  LOAD mode, t h i s  s l g n a l  i s  reset t o  l o g i c  0. 
15.7.4.1.23 SYN and RF/IF AFI B i t s  
TWO bits f o r  hardware AFI are a l l o c a t e d  t o  each  r e c e i v e r  channel .  One moni tors  
t h e  s y n t h e s i z e r ;  &he  o t e h r  moni tors  t h e  RF/IF. The ass ignments  are as fo l lows:  
SYNTXESIZER AFX - CHANNEL A 
R F f I F  AFT. - CHANNEL A 
SYNTHESIZER AFZ - C W Y X L  R 
RFI1.F AFT. - Clih?iHE;TEL If 
Nominal "good" performance w i l l  produce a l o g i c  0 c o n d i t i o n ;  a f a i l u r e  w i l l  
cau3e P l o g i c  1 s t a t e .  The s y n t h e s i z e r  c o n t a i n s  f o u r  f a u l t  d e t e c t o r s  which are 
"0R"ed t o g e t h e r  t o  pro-zide a s i n g l e  ou tpu t  i n d i c a t i n g  a f a u l t .  These f o u r  
d e t e c t o r s  m n i t o r  t h e  29 1/2F, 68 F,  F and 2 p harmonics. If any of these 
s i g n a l s  f a l l  6 dB below nominal, gti!ault i n d f b t i o n  w i l l  r e s u l t .  The RF/IF 
module w i l l  i n d L c a t e  a t a u l t  when i t s  output s i g n a l  l e v e l  f a l l s  more than  6 dB 
below t h e  n o i s e  l e v e l  of the module a lone  (no preamp); t h i s  i n d i c a t e s  
i n s u f f i c i e n t  ga in .  
LSD-WC-263 
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15.7.5 DATA FILE GENERATION 
The System Output  Te lzmet ry  c o n t a i n s  the  R/PA n a v i g a t i o n  Data and is  o rgan ized  
i n  l 2  d a t a  f i l e s .  It  is p o s s i b l e ,  by d a t a  command, t o  set  t h e  rate a t  which 
each d a t a  f i l e  is p laced  i n  a n  U/PA b u f f e r .  The b a s i c  ou tpu t  rate of each  d a t a  
f i l e  is once p e r  Nav iga t ion  c y c l e  pe r iod  (nominal ly  6 seconds). It  is p o s s i b l e ,  
by tralnsmitting a n  approprFa te  f i l e  index  t o  t h e  R / P A ,  t o  change t h e  "Buffer  
Fill" r a t e  of each d a t a  f i l e  t o  some i n t e g e r  m u l t i p l e  of t h e  Naviga t ion  c y c l e  
pe r iod  A f i l e  index  of 0 will cause  t h e  R/PA t o  i n h i b i t  t h e  t r a n s d s s i o n  of d a t a  
from t h e  f i l e  t o  t h e  b u f f e r .  The d a t a  f i l e  i d e n t i f i c a t i o n ,  Output  Mode and 
Dr ive r s  are shown i n  Table  15.7-3. 
I 
L S D-KPC- 2 6 3 
15-61 
SVS-10266 
31 Dacembar E981 
T a b l e  15.7-3. S e r i a l  Data Output  F i l e s  (1) 
1 
/ 
1 F i l e  I D  Frame I D  F i l e  Name  
I 
Output(2)  Output (3)  ’ 
Mode Dr ive  i 
I i i 
I I ‘ 0  I 1,2,3-- Command Echo Buf fe r  C DC 1 1 Memory Load B i t  Map L DC 
DC I C o r  L 1 2 1,2,3-- R/PA Memory Con ten t s  ‘ 3  I 1 Cur ren t  Opera t ing  Ephener i s  N El & F 
5 1 NDS Almanacs N E, & F 
5 2 NDS Alesnacs N E i & F  i 
5 3 NDS Almnacs N E, & F , 
5 5 NDS A h a n a s s  N E2 h F 
0 1 Time Marks(4) - 
7 1. N w i g a t i o n  Bes t  Es t tma te (4 )  N E3 & F 
a 1 K a l m n  I n p u t  N F 
9 1 Raw F.eceiver Measuremens N E4 & F 
i o  1 Compressed Measurement Data  N F 
l i  1 Receiver  D iagnos t i c  Data N E5 & F 
4 1 System S t a t u s  N F 1 
L 5 4 NDS hlmnacs N E 2 & F  ; 
NOTES : 
(1) Each d a t a  f i l e  is 944 b i t s .  
( 2 )  i n  Output  Mode column; C=Commnd Mode, L=Load Mode, N= a Naviga t ion  Mode 
( 3 )  i n  Output  Drive column; D C m S e r i a l  Data Command, EmEvent, F=Fi l e  Index>zero.  
I n d i v i d u a l  Events  a r e :  
El = when new ephemeris  is  c o l l e c t e d  f r o m  newly-acquired NDS. 
E2 when a complete  NDS almanac i s  c o l l e c t e d  
E3 when t h e  time mark b u f f e r  f3.11s E4 = when  a r e c 2 i v e r  measurement is t aken  
E5 = when r e c e i v e r  d i a v n o s t i c  p rocess ing  is complete  
, ( 4 )  F i l e  6 i s  not  used on Landsat-D. F i l e  7 contains Time Marks. 
‘ ( 5 )  F i s  a F i l e  Index  s e t  by t h e  SET F I L E  INDEX which is a n  o p e r a t i o n a l  Data 
Comrnanci prev ious  y up l inked  from t h e  ground. 
L_ 
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15.7.5.1 S e r i a l  Data F i l e  0 - Command Echo Buf fe r  Data 
I__---- --- 
Data F i l e  0 c o n t a i n s  t h e  Echo B u f f e r  i n f o m a t i o n  which i s  t r a n s m i t t e d  i n  t h e  
format  shown i n  Tab le  15.7-4. T h i s  f i l e  i s  a v a i l a b l e  when t h e  S e t  is i n  t h e  
COMMAND Mode and is o u t p u t  t o  t e l e m e t r y  upon uploading  t h e  ECBC DATA C O W D  
BUFFER O p e r a t i o n a l  Data Command (1El1). 
15.7.5.2 S e r i a l  Data F i l e  1 - Memory Load B i t  Map --------- 
Data Vile 1 c o n t a i n s  t h e  Memory Load B i t  Map i n f o r m a t i o n  which i s  t r a n s d t t e d  i n  
t h e  fo rma t  shown i n  Tab le  15.7-5. T h i s  f i l e  i s  a v a i l a b l e  when t h e  S e t  i s  i n  t h e  
LOAD Mode and is o u t p u t  t o  t e l e m e t r y  upon uploading  t h e  BIT MAP OUTPUT Loader 
Data Command (4C)2). 
15.7.5.3 
Data F f l e  2 c o n t a i n s  t h e  R/PA P r x e s s o r  Menom i n fo rma t t an  and i s  t r a n s m i t t e d  i n  
t h e  format shown i n  T a b l e  15.7-6. This f i l e  i s  a v a i l a b l e  ir. e i t h e r  t h e  C3iWAXIi 
Mode or t h e  LOAD Mode and i s  outEuC t o  t e l e m e t r y  upon receipt of t h e  KWORY DUW 
Leader Data Command ( 4 0 5 )  o r  upon r e c e i p t  of t h e  KEE?ai)RY 0 U f - F  Opera t iona l  ra ta  
Command ( l E 9 )  e 
S e r i a l  Dtlta F i l e  2 - R/PA Memory r3ump 
--__.--I_p 
15.7.5.4 S e r i a l  Data F i l e  2 - Cur ren t  Opera t ing  -- - Ephemerf s 
Data F i l e  3 c o n t a i n s  t h e  c u r r e n t  XDS S a t e l l i t e  o p e r a t i n g  e p h e n e r i s  in format ior .  
which is t r a n s m i t t e d  i n  t h e  format  de f ined  i n  Table  15.7-7. I t  i s  a v a i l a b l e  i n  
t h e  SPACE Mode a r d  when a new ephemeris is  a v a i l a b l z  fzom t t e  c u r r e n t  NDS 
S a t e l l i t e .  Data F i l e  3 o u t p u t  t o  t e l e m e t i y  i s  c o n t r o l 1 4  by t h e  F i l e  ?.idex 
number set  by a p r e v i o u s l y  uploaded SET DATA FILE INDEX O p e r a t i e n a l  Data 
CO->W-i;J 
15.7.5.5 
Data F i l e  4 c o n t a i n s  t h e  System S t a t u s  i n f c m t i o n  and i s  nsroitte?. i n  t h e  
f n m a t  shown in Tab le  15.7-8. Output t o  t e l e m e t r y  i c  . r o l l e d  by t h e  F i l e  
Index number which has  been set by a p r e v i o u s l y  uploaded . D A l A  FILE I l JnEX 
Opera t iona l  Command ( lE3) .  
15.7.5.6 S e r i a l  Data F i l e  5 - N X  A h a i a c r  
Data F i l e  5 is  nada up of 5 't'reaie I D  and c o n t a i a s  the  SDS Ahauacs f3c  a? 1 NDS 
s a t e l l i t e s .  F i l e  5 is a v a i l a b l e  in t h e  SPACE Mode when a cumpl-.ta NDS almanac 
has been c o l l e c t e d  from t h e  c u r r e n t  MDS sa t e l l i t e .  The fc rmat  is def ined  i i .  
Table 15.7-9 and t h e  outp.it to t e l eme t ry  i s  c o n t r o l l e d  by t h e  FXLE ImEX number 
se t  by a previousLy uploaded SET DATA FXLE I N D E X  Opera t iona l  Data Command (1E3). 
S e r i a l  Data F i l e  4 = System S t a t u s  ___--_ 
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1 5 . 7 . 5 * 7  S e r i a l  Data F i l e  6 - Time Wrk(s) 
Data F i le  6 is  not  used by LANDSAT-D and t h e  TIWE VARKS i i o r m ~ l l y  t r a n s m i t t e d  by 
Eatr. Fila 6 are i nc luded  i n  the  Data F i l e  ? i n fo rma t in .  
II_ -- I_ - --__I- 
15.7.5.8 
D t t t a  F i l e  7 contof i ls  t h e  b e s t  estimate of t h e  s p a c e c r a f t s  nav iga t ion  s ta te .  I t  
i s  Rva i l ab le  i n  t + , e  SPACE Y3de &hen t h e  t L m e  marh b u f f e r  f i l e s  and is 
tran&af t t e d  in t h e  €ormst  s h o w  n T i b l e  15.7-LO. The o u t p u t  t o  t e l e n e t r y  is 
c o n t t o l l e d  by t h e  FILE INDEX number s e t  by n prev ious ly  uploaded SEI, DATA FILE 
INDEX Opera t iona l  Data Command (lF3) 
15 .7 .5 .3  S e r i a l  Data i i l e  - Kalman I n p u t  
Data File 8 c o n t a l n s  t h e  Kalmari f i l t e r  i n p u t  i n f o r m s t i o n  which is t r a n s m i t t e d  i n  
t h e  f o m t  d e s c r i b e d  in Tab le  15.7-1.+, Data F i l e  8 is  ava i l -3 l .e  i n  t h e  P A C E  
Mode. Output  t o  te le rnc t ry  is c c n t r o l l e d  by t h e  F i l e  I n i e r  ntimber set by a 
p rev ious ly  uploaded SET DATA FILE INDEX Gperac ionol  Data Command (1E3). Tah le  
15.7-12 shows t h e  coded d s t a  f o r  Data F i ' e s  7 and 1 5 .  
15.7.5.10 
Data F l l e  0 c o n t a i n s  t h e  rau receiver rreirsttrements which a re  t r ansmi r t ed  i n  t h e  
format desc r ibed  i n  T a b l e  15.:-3. The Infunnr i t fon  is  av: t i lnblc  t n  t h e  SI'ACE 
Mode w l - e n  8 r e c e i v e r  meiisutement is completed.  Chtput  t o  telemetry is 
c o n t r o l l e d  by t h e  F i l e  Index nrlaber set  by 3 prev ious ly  uploaded SET DATA FILE 
INDEX Opcrnt ior ia l  Dote Cornmind (1E3). 
S e r i a l  Data F i l e  7 - Navigat 'on Best Escimate  
--_I--- 
--- _I 
S e r i a l  Dam F i l e  2 - RC.W Receiver  Measurern~i t~  - ---- I I_ _1_1_-- - 
15.7.5.11 S e r i a l  Data -__ - Comnressed McJsurement e 
Data F i l e  i o  c o n t a i n s  t h e  tnformic t fon  de f ined  i n  Table 15.7-14.  I t  I s  avi l i1ahle  
i n  SPACC ?lode and O u t p t  t o  t e l e m e t r y  is c o n t r o l l e d  by t h c  F f l c  1ntic:c number s e t  
by LZ p r e v i o u s l y  uplonded SET DA;'A FILE I N D E X  Opcrst ionn!  Data Cornmind (1F.3). 
1 5 . 7 . 5 . 1 2  S e r i a l  Data F i l e  t l  - Rpceiver  D i sgnos t i c  ___ -- -I_ -- 
Data !'fie I 1  cor i t a ins  t h e  r e c e i v e r  d i a g n o s t i c s  which a re  t r a n s m i t t e d  t n  t h e  
format  desc r tbed  I n  'Table 15.7-15. Data F i l e  i l  is n v a i l a b l e  i n  t h e  SFACE !%>de 
and i t 9  ou tpu t  t o  t e l e m e t r v  is  c o n t r o l l e d  by t h e  Fflr Index nrimher se t  by a 
p rev ious ly  uploaaed SET DATA F I L E  1NT)E.Y Opcra t ionnl  Data Command (1E3). 
.. 
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Tabla 15 .7 -7 .  Drrtca File 3 Definition: Currant Operating Ephemeris 
20 SA 3 '1 
4 1 13 
3 255 8 L 
16 YA six 
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Table 15.7-7. Data File 3 Definition: Current Operating Ephemeris . 
Unpacked Data SL~cfs  Z
Cnits 
_ s _ -  B i t s  t,sa ?.3= I__ 
Grou? 3ela.y 
Tina .w “*CD 
Reference C?S Yize 
Stzce aeekly 
Clock Correcrroc 
l o l y i l o c i a l  
CCC?ff:Ci.eLlt - al 
T o t a l  
f9C 
32 2” 5 2 4 , 2 3 8  5tC 
-23 32 $4 22 
192 
sec / see 
LSD-WC-243 
15-69 
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Table 15*7-7.  Data File 3 Definition: Current Operating Ephemeris 
3 
Age 09 t2-e e?heceris 
Cara in this Slock  
(Si"1) - AODE 
. rarzccic coe i f i c i en :  
:or s a t e l l i t e  radics 
correction - C 
,PS 
Uean 2zonzL7 2: 
t i z e  toe-U0 
latitude c o r x c t i o n  - 
3ccep;rFcl ty 0: 
orSi 'b - e 
Pa.cked Data 3Jlock I1 
- Sits E a22 E@* 
8 21: 5 2 4 , 2 8 8  see 
16 2-43 24 x seciclrcles/sse 
32 2-31 - 1  
-4. sesi c i r c l e s  
LSD-WPC-263 
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Table 15 .7-7 .  Data File 3 Definition: Current Operating Ephezcris 
Packed Daz2 a h c k  11 
.. . .- 
32 2-l' 8192 
Spare 
5 c  c o r r e c t i o n  ." 
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sezi c i  r c  les 
5 2 4 , 2 3 5  5 B C  11 3 2  
SA 
\ 
Table 1 5 . 7 - 8 .  Data File 4 Definition: Syatent Statu6 
R a n s a  
WrP- 






Receive= C i a g n o s t i c s  32 
Nzviga t ion  D:rgzostlcr 48  
System Sfonitor Dia ' 8  
Telemetry Hardxare 














128 NX NX 
160 SA NA 
~ b e e c k s m  Errcr' 9 1 23s 
72 NA xi% 

































Recefve: D i a g n c s T i c s  
Besc r i p:: i 3 c  
VCO CaliSrate 
VCO Lfneacr5;y Tes t  
Control Lcop Zias Test LI-? 
Control Loop Eias T e s t  LI-C/.A 
Control Loop Bias T e s t  L2-P 
Search V.ZZE TesZ El-? 
S G Z ~ C ~  x2-e T . ? s ~  si-c/a 
Searcb ?.!a;z T e s t  52-? 
Slew Rare Test  
Raze AidFzg T e s t  
Signal. Tesz - 13s DaZa Cez~odu la t i cn  
S i g n a l  Tesz - 20 3s 3ara Demdulazion 
S i g a a l  T e s t  - Code Syzc 
S i g n o l  T e s t  - Detect ioa 
Sig3a.L Tes': - Drift 
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Table 15.7-8. Data F i l e  4 Def in i t ion:  System Status  





Note 1: lG-b ic  i n t e g e r  v a l a e .  






















I 7  
19 
19 
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Table 15.7-8. Data F i l e  4 D e f i n i t i o n :  Sys:em S t a t u s  
D i g i t a l  C r l t  i c a l  TL31 -
LSD-WC-263 
15-76 
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Table 15.7-8. Data F i l e  4 D e f i n i t i o n :  System Status  
T o t a l  
8 r5 7 
B z4 . 15 
8 Z-' 7 
8 2-5 7 
8 2 - §  CI 
3 2-5 7 
8 2-s 7 
a 2-5 I 
8 , 2-' 7 
8 r5 I 
8 ZS 7 
8 2-4 i5 
a 2-' 7 
-5 e 8 2  i 
6 24 15 
c 
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. T a b l e  15.7-5. Data F i l e  4 Defin i t ioc :  System S t a t m  
- rccenrr ic i t :  6 z 
orSit - n 
8 212 602,112 SeC 
( z e t e r s  1' 
LSD-IJPC- 263  
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15.7-9. Data File 5 Definitlort: NUS Almanacs 















15.7-9. Data File 5 Defini t ion:  NDS Alrnacnes 
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XA 
15 
L SD- hl' C- 2 6 3 
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15.7-9. Data File 5 Definition: NDS hlmariacs 
B i z s  L S 3  - - Crits 1_1
zccenz r i c i ty  - 0 2  S a r e l l f t e  16 2-21 2-' Cine!Sioal-?ss 
o r b i t  - e 
D r i f t  raze 0 2  l o n g i t u d e  
0 2  asces:di=g zode oi ;>.e 
o r j i r  - 2 
-4 2 - 4 9  2. s s a i  c i ZC I e 9 
.-38 =2 -23 
. .. 
'0 
seal cF r; l e s  ,' s e c 16 - 
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15.7-9. Data File 5 Definition: NDS A1minncs 
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Table 15.7-10. Date File 7 Defini.tian: Navigation Best Estimate 
Sync (EDE28),&# 
F i l e  ID 7 
Frme Ti) - 1 
Checks L3 
'rRL ( TCG 
T b e  ( G T S )  
X SCEF P o s i t i o n  
Y E E i  Position 
2 ECZF P o s i t i o n  
X ECEF Velocity 
Y ECEF Velocity 
2 ECEI" V e l o c i t y  
LTC Clock Sias (b). 
mc c l o c k  B i a s  Rat@ ( 6 )  
Drag Gons taa t  (CoA/2m) 
Posit io", Varissce 
Velocity Qariacce 
Clock 2'3s Var iance  







































m e t e r /  sec 
m e t  e r / s e c  
29el;er 






( m e t e r / s e c ) *  
ne t  e Y  
3 
1 
L SD- hT C - 2 6 3 
1 5 - 8 4  
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Table 15.7-11. Data File 8 D e f i n i t i o n :  Kalmu X n ~ u t  
Range G r i t s  LSR -B i t s  -
20 NA NA S A  
4 1 .15 None 
8 1 255 NQ a e 
16 NA NA NA 
8 1 255 Xone 
8 
48 ltl. 023 245-1 
meter U U  




2 O  sec 
22Q 
SLTC 
32 Sea Tab le  ( C C D D  !lX'TA) 
32 ra net er 
. 32 I meter 
***Total 944 
NOTES: i. * Single P r e c i s i o n  Floatiing T o i s 2  Ncz~Ser. 
2 .  or* Double P r e c i s f o n  F1osrir.g Poinz  NLLTS~Z'. 
3 .  R/PA s h a l l  p r o v i d e  c a p a b l l i z y  5 y  soitvzre coz:tzol 
to P=ac=lude "zero $XI,'' 5s file, on am o3xion b a s i s ,  as 
Indicazeed. 
4. De/e i ' - f&.  - _  
5 .  This :$Le is iorzatted as s;?eciZiec! 5y fil9 i2Ce.u. 
CG) skz%l.eqcal z e ~ o  ii t he  R/?A Fs propagaz izg  
with  rhe  receiver on & i t e r  ser t 3 e  i r o n  3OY. 
1 SD - hY C- 2 6 3 
15-85 
SVS-10266 
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Table 15.7-12. Dat F i l e  7 and 8 Definition of Coded Data 
3 Ahanac/Epheneris  Flag 
4 ,  5 Delza-?sseudorange Xeas. 
Quzlity ?lag (XODf) 
10-15 XDS ID 
16 Propagate  “lag 








25-32 ?seudorar=ge Resicha!. %.ti5 8 - 
1 - A h a i a c ,  
0 Epke=eris 
32 
* S a e  as cz i t iczb  TLX satellite b i t s .  
I* R a t i o s  scaled bp zcltiplicarFcn by‘ l e  be ioze  i z t s g e r i z r z g .  
W g e  of coded residua2 r a t i o s  is 0.1 ‘to 2 5 . 5 ,  
1, SD- hl’ C- 2 6 3 
15-86 
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Table 1 5 . 7 - 1 3 .  Data File 9 D e f i n i t i o n  Raw Receiver Measurentents 
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9. 




























X I  
, 
SVS-10256 
31 December 1981 
Table 15.7-14. Data F i l e  10 Def in i t ion  Compressed Measurement Data 
Sync (EDE20)16 
F i l e  ID = ra 
Frane I D  = 1 
Checksun 






Second &DS Prirsary C h a n n e l  
Third hCS Pr-izzry C5ianael 
Fourth :;DS P r h z r p  C h a n n e l  
Zeros 
T o t a l  
NOTES : 









































z4 s ec 
af meter 
255 N A  
255 NA 
1. S i n g l e  Prccdsdoa F l o a t i n g  ’Poiat Suhnber. 
2. * a  DouSle Precisior! Xaa - t i eg  hirat Nusbc:. 
3 .  Dcieteb, 
4.  Times  oi recept ior !  Kay ‘%e computed from t h e  f i l e  10 daf;;l 
u s i n g  the i o l l o w i n g  equations: 
SV S- 10266 
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Table 15.7-15. Gata F i l e  11 D e f i n i t i o n  Rece iver  D iagnos t i c  Data 
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Table 15.7-15. 
Zecaiver i 
Data F i l e  11 D e f i n i t i o n  Receiver Diagnost ic  Data (Cont'd) 
B i t 5  LSa 3acqe T=nizs - -  
3X .\Fd x i  
16 S A  Nil XA 
16 
16 I 
7 -  -0 ==.3zsei~az:6 A X  Varzizgs 
* = =Sa s e 3 a3 d 4.22 Z ?a t I L- e5 
1 2Z1'-1 D A C / C k l ~ s .  vc3 S l o p  
=2 15 -2. BAC FCO In te rcepr .  
VC3 Lizleariz? Erzcr 
Couar 
63 E r r o r s  
XA 










31 December L98L 
DIRECT ACCESS S*-ISPZJD 
The CSrec t  Access S-Band <D.GB)  aub t iys tm c o n s i s t s  of two S-Band transaSrtxrs, s1 
coaxial swi t ch ing  u n i t  (an3 an $-Band shaped beam antenna .  Subsystem inputs  are? 
c l o c k  s i g n a l s ,  mu l t ip l exed  HS$ d a t a  and command sfgna1s.  Subsystem outputs 
c o n s f s t  of R F  s i g n a l s  and t e l eme t ry .  
16.1 F3NCTIONicL D E S C R I P T I O N  - 
The d i r e c t  access S-band t r a n a m f t t e r  r e c e i v e s  a 15.06 Plbps NRZ-L d i g i t a l  d a t a  
and c l o c k  s i g n a l s  from t h e  MSS. The d a t a  is r ec locked ,  v o l t a s p  limfted, l o w  
pass f i l t e r e d ,  then used t o  frequer,cy modulate (continuous-phase PCM-FM) one  of 
the comand  s e l e c t a b l e ,  redundant  10 watt 2265.5 MSIz tr&llSLUitc€XS. A block 
diagram of t h e  Direct Access S-baad subsys tem i s  shown i n  Figure  16.1-1. 
16.2 PERFORMANCE C A P A B I L I T I E S  
Out o u t  Performance 
Cen te r  Frequency:1265.5 Hiit 
C e n t e r  Freqilency S t n b f  l i ty: -4 i i? .OQ52 - 
Output Power: 1L' l i a t t s ,  m i n i m u r n  
Type Data:XXZ-L PC?I-F?¶ 
D e v i a t i o r r t 5 . 6  HHz +5W 
D e  v La t i o  n-S ens  e : ragi t i v e  f o r Log i c *' 1 '' 
Modulation D a t a  Fouaat:lS.Ocl Mbps NPZ-L 
Kodula t ion  Transition Time: 35 nanoseconds (10% t o  90%) 
. c. 
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16.3 MODES OF OPERATION --
SVS-10266 
31 December 1981 
There  are on ly  GN o r  OFF o p e r a t i n g  modes f o r  t h e  t r a n s m i t t e m  88  & o m  i n  Table  
16 3-1 
Tab le  16.3-1. §-Band Opera t ing  Hodes 
I_ 
XMTR A XMTR 3 
MODE A ON OFF 
XODE B OFF * ON 
1_1 
MODE C OFF OFF 
NOTE: P r i m e  power f o r  S-Band t r a n s m i t t e r  o p e r a t i o n  is provided  v i a  t h e  Power 
D i s t r i b u t i o n  Un i t  (PDU). The power enab le  commands a l s o  select t h e  
c o a x i a l  swi t ch  c o n f i g u r a t i o n  f o r  r o u t i n g  t h e  s e l e c t e d  t r ansmi t t e r ' s  
power ou tpu t  t o  t h e  S-band shaped beam antenna .  
16.4 COSSTRPJRTS 
The o p e r a t i n g  c o n s t r a i n t s  f o r  t h e  d i r c c t  readout  S-bana t r a n s m i t t e r s  are AS 
follows : 
I. Only one t r a n s m i t t e r  should be powered a t  a t i m e .  
2.  The t r a n s m i t t e r s  w i l l  be of f  du r ing  launch ,  and t r ansmiss ion  can  
commence 8 hours  a f t e r  launch.  
3.  The maximum d u t y  c y c l e  should  be 30 minutes  maximum i n  a LOO minute  
per iod .  The non ina l  d u t y  cycle i s  L5 minutes  i n  a 100 minute  pe r iod .  
4 .  M a x i m u m  t r a n s m i t t e r  power a m p l i f i e r  t e a p e r a t u r e  i s  70%. The OBC 
con t inuous ly  moni tors  t h e  S-band power a m p l i f i e r  t empera tu re  t e l eme t ry  
p o i n t  and i s s u e s  t h e  S-band power OFF command when t h e  last t h r e e  
consecu t ive  samples  of  t h e  t empera tu re  t e l eme t ry  p o i n t  checks out-of- 
l i m i t .  
5. Both t r a n s m i t t e r s  should  be o f f  before  i s s u i n g  an  enab le  command f o r  a 
t r a n s m i t t e r .  
16.5 REUUNDANCYJ'CROSS STPUPPING 
Redundancy i s  provided by two sepa roce  t r a n s m i t t e r s  w i t h  e i t h e r  s e l e c t e d  by 
i n d i v i d u a l  ON and OFF commands. 
LSD-WPC-26 3 
SVS-10266 
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Cross  s t r a p p i n g  i s  provided  f o r  t h e  s e l e c t e d  t r a n s m i t t e r  power o u t p u t  t o  t h e  S- 
band asterma v i a  t h e  coax switch. Tke coax swi t ch  c o n f i g u r a t i o n  i s  se t  w i t h  the  
T r a n s m i t t e r  A Enable  o r  t h e  T r a n s m i t t e r  B Enable  cumhand executed  i n  t h e  PDU. 
See F igure  16.5-1 f o r  t h e  l o c a t i o n  of S-band redundaac ies .  
16.6 COMMANDS 
A l l  commands f o r  t h e  DASB t r a n s m i t t e r s  are r e l a t e d  t o  supp ly ing  DC power f o r  
t h e i r  ope ra t ion .  Seven real-time, d i s c r e t e  commands are used fOK t h i s  purpose 
and, of t h e s e ,  t h r e e  are i n  t h e  PDU whi le  t h e  remaining f o u r  are I n  t h e  DASB 
t r a n s m i t t e r s .  A l l  of t h e s e  commands are l i s t e d  i n  T a b k  16.6-1. 
The commands e f f e c t e d  through t h e  PDU are d e s c r i b e d  i n  Paragraph  16.6.1 which 
a l s o  i n c l u d e s  i l l u s t r a t i v e  c i r c u i t r y .  S i m i l a r  infQrIMtiOU on t h e  commands i n  
t h e  DASB transmitters I s  provided  i n  r a r a g r a p h  16.6.2. 
16.6.1 COMMANDS V I A  THE PDU 
The commands f o r  t h e  DASB which a r e  implemented i n  t h e  PDU are i d e n t i f i e d  by 
command name and Remote I n t e r f a c e  Uni t  ( X U )  channel  number i n  Table  16.6-1. 
The b lock  diagrams f o r  t h e s e  c i r c u i t s  is provided i n  F igu re  i6.6-1. 
16.6.1.1 T r a n s m i t t e r  A Power Enable  (FNSBDA, Cmd 6 0 4 )  - ----_u -- YI 
T h i s  cornnand employs p u l s e  s t r e t c h i n g  c i r c u i t r y  t o  close t h e  b i p o l a r  r e l a y  which 
channels  fused  28 Vdc power from Ins t rument  Module ( I M )  Bus A i n  t h e  PDU t o  t h e  
power supp ly  of T r a n s m i t t e r  A of t h e  DASB subsystem as shown i n  F igu re  16.6-1. 
Note t h a t  c l o s u r e  of t h i s  r e l a y  r e s u l t s  i n  supply ing  cha rg ing  c u r r e n t s  t o  any 
i n p u t  f i l t e r  e lements  of T r a n s m i t t e r  A ( i n - l u d i n g  those  of t he  dc /dc  c o n v e r t e r ,  
i f  connec ted) .  The re fo re ,  t o  minimize t h e  energy  t h a t  must be supp l i ed  through 
the  c o n t a c t s  of t h e  Power Enable r e l a y  t o  charge  i n p u t  f i l t e r s ,  t h e  t r a n s m i t t e r  
should be deenerg ized  whenever p o s s i b l e  by sending  t h e  T r a n s m i t t e r  A Power O f f  
(SACFF) command ( s e e  Paragraph  16.6.2.2 f o r  i n fo rma t ion  on t h i s  command) r a t h e r  
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f DEDICATED P 
DEDICATED 
C '  
TRA N SM I T T  E R  
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I MSS 1 DEDICATED 
t-- r 
' DE D I CA TE D 
Figure 16.5-1. Direct Access S-Band Redundancies 




31 D e c e m b e r  1981 
Table 16.6-1. D i r e c t  Access S-Band T r a n s m i t t e r  COmmSlild L i s t  
I 1 
R e f e r e n c e  
Command N a m e  A c r o n y m  RIU-CH e Subsys tern Paragraph 
i 
XMTR A PWR N A B L E  EXSBDA 6-04 
XMTK B PWR EVABLE ENSBdB 6-08 
XMTR. PrUR DLSABLE DLSSBD 6-3 5 
XMTR A PWR ON SAON 8-02 
XMTR A PWR O F F  S A O F F  8-53 
XMTR B PWR ON S BON 8-57 
XTR B PWR O F F  SBOFF 8-30 
FDU 16 -6.1-1 
F’DU 16.6.1.2 
PDU 16.6-1 - 3  
DASB 16-6.2.1 
RAS B 16.6.2.2 
DAS B 16.6 e2 -3 
DASB 16.6.2.4 
I n  a d d i t i o n  t o  e n a b l i a g  t h i s  power s o u r c e ,  t h i s  commarid is a l s o  routed  t o  t h e  
p u l s e  s t r e t c h e r  which c o n t r o l s  the b i p o l a r  r ehay  o f  ttte C o a x i a l  Switch.  The 
T r a n s m i t t e r  A Power Enable command orients t h e  coaxial .  eLnzonts of chis s w i t c h  
s o  t h a t  t h e  R F  o u t p u t  of T r a n s m i t t e r  A i s  conriccted t o  the shaped-bran S-Send 
an tenna  when power is supplied to Tranemdt te r  A. Mote thst w h i l e  1E.l Bus A (28  
Vdc) powers t h e  T r a n s m i t t e r  A Enable  r e l a y  coLl and ‘ irawnitter A o f  che DASB, 
t h e  c o a x i a l  r e l a y  co i l s  are e n e r g i z e d  from e i t h e r  Bus  A 0r Bus B ,  u t i l i z i n g  
d i o d e s  t o  main ta in  i s o l a t i o n  of t h e s e  two b u s s e s  and 1 / 4  A f u s e s  t o  provide  bus 
p r o t e c t  ion. 
16.6.1.2 T r a n s m i t t e r  B Power Enable  (ENSBDB, Cmd 608) --- --
Fused power from I M  Bus B i n  t h e  PDU T r a n s m i t t e r  B of t h e  DASB i s  enabled  by 
t h i s  b i p o l a r  r e l a y  usiL,g c i r c u i t r y  i d e n t i c a l  t o  t k a r  f o r  T r a n s m i t t e r  A as 
i l l u s t r a t e d  i n  F i g u r e  16.6-1. Again, t o  p r o t e c t  t h e  conitacts o f  t h i s  r e l a y ,  
T r a n s m i t t e r  B should be deenerg ized  whenever p o s s i b l e  by the T r a n s m i t t e r  B Power 
Off (SBOFF) command (see Paragraph  16.6.2.4 Eor i n f o m a t i o n  on t h i s  command) 
r a t h e r  than  by t h e  use of t h e  D i s a b l e  command. The TransmPt te r  B P o w e r  Enable  
command also a c t u a t e s  t h e  c o i l  of t h e  Coaxial Switch  r e l a y  so  t h a t  i t s  e lements  
r o u t e  t h e  RF output  of T r a n s m i t t e r  B t o  t h e  shaped-beam S-band a n t e n n a  when t h i s  
t r a n s m i t t e r  is energ ized .  T h i s  c o i l  of t h e  Coaxia l  Switctr is provided power i q  
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16.6.1.3 T r a n s m i t t e r  Power D i s a b l e  (DISSED, Cmd 635) 
-_I_ 
T h i s  coimand i s  mechanized t o  remove t h e  d c  power from bo th  t r a n s m i t t e r s  and 
t h u s  t o  t u r n  them o f f .  A s  d e p i c t e d  i n  F i g u r e  16.6-1, t h c  cornmand p u l s e  is 
a p p l i e d  t o  p u l s e  s t r e t c h e r s  s e r v i c i n g  t h e  d i s a b l e  c o i l s  f o r  t h e  e n a b l i n g  r e l a y s  
of bo th  t r a n s m i t t e r s .  
I n  a d d i t i o n  t o  being d i s a b l e d  by t h i s  s p e c i f i c  command, t h e s e  r e l a y s  are a l s o  
i n a c t i v a t e d  by f o u r  o t h e r  means. The PDU deve lops  reduzdant  Payload Off s i g n a l s  
whenever i t  r e c e i v e s  a n  i n d i c a t i o n  from t h e  Modular A t t i t u d e  C o n t r o l  System 
(MACS) of t h e  F l i g h t  Segment (FS) t h a t  t h e  Safe-Hold (S/H) mode of a t t i t u d e  
c o n t r o l  has  been implemented. These redundant s i g n a l s  (S/H A and S/H B) are  
a p p l i e d  t o  s e p a r a t e  p u l s e  s t r e t c h e r s  i n  t h e  PDU which are connected through 
d iodes  t o  o p e r a t e  t h e  d i s a b l e  c o i l s  f o r  t h e  e n a b l i n g  r e l a y s  of bo th  
t r a n s m i t t e r s .  I n  a d d i t i o n ,  when a Payload Off  command i s  rece ived  by t h e  PDU 
from i t s  RIU, t h i s  s i g n a l  i s  provided i n  a l o g i c a l  "or" arrangment wi th  t h e  S/H 
A bfgna l  t o  t h e  a p p r o p r i a t e  p u l s e  s t r e t c h e r .  A similar Payload Off command 
rece ived  by means of a n  u m b i l i c a l  connec t ion  from e i t h e r  t h e  S h u t t l e  o r  launch 
s i t e  blockhouse can be accep ted  by t h e  p u l s e  s t r e t c h e r  a s s o c i a t e d  w i t h  t h e  S/H B 
s i g n a i .  
I n  summary, power t o  bo th  t r a n s m i t t e r s  w i l l  be interrupted when any one of these 
f i v e  s i g n a l s  J re  r ece ived  and/or proceseed by t h e  PDU: 
1. T r a n s m i t t e r  D i s a b l e  Command 
2 .  Safe-Hold A a c t i v a t i o n  
3 .  Safe-Hold B a c t i v a t i o n  
4 .  Paylosds Off coalnand through t h e  KIU s u p e r v i s o r y  l i n e  
5 .  Payloads O f f  command through t h e  u m b i l i c a l  connec t ion .  
I 
L6.6.2 COMHAPDS I N  THE DASB TRANSMITTERS 
Those commands which are i n  t h e  DASE t r a n s m i t t e r s  are i d e n t i f i e d  i n  Table  16.6-1 
by command name and R I U  channel  number. The b lock  diagram f o r  t h e  command 
c i r c u i t r y  i s  provided i n  F igu re  16.6-2. 6 
16-8 
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If4 W R  B U S  *28V 
( V I A  XMTR EHARLE 
R E L A Y  I N  P O U )  
IH PHR B U S  R E T U R N  
OFF 
V POWER 
S U P P L Y  
F I L T f R  S U P P L  I E 5  > TO D C  P U R  I 
XMIR FIIR ON S E i  -- icrKJs HOZ, 857)  
XNTF! PUR Oq 
SET R L T U R N  
XMTR P i l R  OFT SET 
( C M D S  R53,  830) 
XMTR PWR OFF 
S E i  RETURN 
Figure 16 .6-2 .  Block Diagram of DASB Command Circu i t s  
I. SD-WPC-263 
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16.6.2.1 T r a n s m i t t e r  A Power -- On (SAOS, Cmd 802)  -_uI- I I  
T h i s  d i s c r e t e  p u l s e  command is a p p l i e d  t o  t h e  T r a n s m i t t e r  A Power Ou S e t  rela>-, 
t h e  c o n t a c t s  of which supp ly  a 28 Vdc s i g n a l  t o  a p u l s e  s t r e t c h e r  t h a t  activates 
t h e  "On" c o i l  of t h e  b i p o l a r  T r a n s m i t t e r  A Power R e l a y ,  as  i l l u s t r a t e d  in F i g u r e  
16.6-2. A rev iew of t h i s  c i r c u i t  and t h a t  of r ' igure  16.6-1 w i l l  i n d i c a t e  t h a t  
t h i s  r e l a y  cannot  be a c t u a t e d  u n t i l  28 Vdc is p r e s e n t  at3 t h e  r e s u l t  of c l o s i n g  
t h e  T r a n s m i t t e r  A Euable  r e l a y .  The 28 Vdc is used bo th  in t h e  p u l s e  s t r e t c h e r  
c i r c u i t  and t o  e n e r g i z e  t h e  r e l a y  c o i l .  
16.6.2.2 T r a n s m i t t e r  A Power Off (SAOFF, CXd 853) --- 
T h i s  coamand is  implemented through t h e  frame type  of c i r c u i t r y  as t h a t  d e s c r i b e d  
i n  ParPgraph 16.6.2.1 (and shown i n  F igu re  16.6-2) t o  remove t h e  28 Vdc from 
t h i s  t r a n s m i t t e r  and t h u s  t o  deene rg ize  i t .  As mentioned in Paragraph  16.6.1.1, 
t h e  normal mode of removing t h i s  t r a n s m i t t e r  from o p e r a t i o n  should  always be by 
means of t h i s  command. This r o u t i n e  w i l l  minimize t h e  cha rg ing  c u r r e n t  f low 
through t h e  e n a b l e  r e l a y  c o n t a c t s  by normually r e q u i r i n g  o n l y  t h e  cha rg ing  of t h e  
Power Supply F i l te r .  Obviously,  i f  an abnormal s h u t  down is i n l t i a t e d  by a 
Rayluadu O f f  or a Safe-Hold s i g n a l ,  t h i s  procedure  canno t  be folLoweC. 
16.6.2.3 T r a n s m i t t e r  ti Power On (SBON, Cmd 857) 
The mechaniza t icz  of t h i s  command i s  t h e  same as t h a t  f o r  T r a n s m i t t e r  A Power On 
desc r ibed  i n  Paragraph 16.6.2.1 excep t  t h a t  t h e  B u n i t  i s  opera t ed .  
16.6.2.4 
The d e s c r i p t i o n  of t h i s  coormnd's o p e r a t i o n  13 t h e  same as t h a t  f o r  t h e  
T r a n s m i t t e r  A Power O f f  (Paragraph  16.6.2.2) excep t  t h a t  T r a n s m i t t e r  B i s  
a f f e c t e d .  
--- - -- -.- -
T r a n s m i t t e r  B Power O f f  (SROFF, s830) 
I--
16 -6 - 3  COMMPLUD SEi&JENCES 
The sequence of commands f o r  f u n c t i o n s  a s s o c i a t e d  wi th  the DASB a r e  l i s t e d  i n  
Table  16.6-2. 
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Table  15.6-2. DASB Comaand Sequences 
FUNCTION 
Turn T r a n s m i t t e r  A On 1 XMTK A PWR ENABLE* ENSBDA 
2 XMTK A PWR ON SAON 
Turn T r a n s m i t t e r  A O f f  1 XMTK A PWR OFF SAOFF 
(Normal) 
X3TR B PWR ENABLE* ENSr7B Turn T r a n s m i t t e r  B On 1 
2 XMTR B PWR ON SBON 
Turn  T r a n s m i t t e r  B O f €  1 XMTR B PWR OFF SBOFF 
(Normal) 
NOTE: I n  t h e  event  t h a t  the t r a n s n i t t e r  I n  use  has f a i l e d  and it is d e s i r e d  t o  
place t h e  o t h a r  t r a n s n i t t e r  i n  o p e m t f o n ,  t h e  "'Yurn T r a n s m i t t e r  O f f "  
command f o r  t h e  t r a n s m i t t e r  t o  be remavca from s e r v i c e  should be  f s l l owed  
by "Transmit k e f  Power Disable"  cornmind. 
The F.nable command a s s o c i a t e d  w i t h  t h e  s p e c i f i c  t r a n s m i t t e r  s h o d d  always 
be s e n t  b e f o r e  I ts  Power On command i s  s e n t  s i n c e  t h e  Enable command a l s o  
commits t h e  S-band an tenna  t o  t h e  t r a n s m l t t e r  enabled .  T h i s  p r e c a u t i o n  
w i l l  a s s u r e  t h a t  t h e  t r a n s m i t t e r  i n  use is connected t o  t h e  t r a n s m i t t i n g  
an tenna .  
* 
16.7 TELEMETRY 
Opera t ion  of t h e  DASB t r a n s m i t t e r  i s  monitored by u s i n g  a t o t a l  o f  15 t e l eme t ry  
channels .  Eleven of t h e s e  are i n  t h e  t r a n s m i t t e r  i t s e l f  and of t h e s e ,  t h r e e  a r e  
b i - l e v e l  d i g i t a l ,  s i x  a r e  a c t i v e  ana log  and two are p a s s i v e  ana log .  Two Si- 
l e v e l  d i g i t a l  moni tors  are i n  t h e  PDU and two ana log  t e l e m e t r y  p o i n t s  are 
inc luded  i n  the thermal  subsystem moni tors .  A l l  of t h e s e  t e l e m e t r y  moni tor  
channe l s  are  l i s t e d  i n  Tab le  16.7-1. The moni tors  i n  t h e  D A S B  are d e s c r i b e d  and 
c i r c u i t r y  i l l u s t r a t e d  In Paragrephs  16*7 .1  th rough 16.7.3. Sia i la r  i n f o r m a t i o n  
on telemetry moni tors  111 o the r  subsysteuts i s  provided i n  Para 
16.7.1 D U B  D I G f T A L  BI-LEVEL WORD TELEMETRY PlONl'TORS 
The f u n c t i o n s  i n  t h e  DASB t h a t  are monitored by b i - l e v e l  d i g i t a l  words are 
l i s t e d  i n  Table  16.7-1 by t h e i r  u s e r  i d e n t i f i c a t i o n  ( L D )  number. A s  i n d i c a t e d  
t h e r e ,  Tab le  16.7-2 p rov ides  
t h e  d e t a i l s  of t h e s e  telemetry d a t a .  
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I-. USER 10 ” FUNCTION WWE ACRONYH 
DASB-01 BILEVEL WORD 707: 
B i t  0 XHTR A POWER ON/DFF (RELAY ONLY) SXPITIUON 
et: 1 XHTR B POWER ONlOFF (RELAY ONLY) SXPITRBON 
B i t  4 5-B ANTENNA SELECT XMTRA/XNTR B SANTAORB 
DASB-02 XPITR A POWER SUPPLY EXfNITOR SAPXRSU? 
DASB-03 XMTR 8 POHER SUPPLY EONITOR I sBM:RS’JP 






16.1.1 - 3  
16.7.2.1 
16.7 .2 .2  
&B-06 XMTR A FORHARD RF POWER 
DAS8-07 XMTR 9 FORMRRD RF PLIUER 
DAZO * 08 XMTR A REFIECTED RF ? W R  
XHTR 8 REFLECTED RF POUER I D m - w  










XNTR 8 POUER lwiP TEMP 





16 .7 .3 .2  
16.7 .4 .1 .  
16.7.4 . I .  
16.7.4.2.  





B/L -D  
Act-An 
Act-An 
A c t  -AI: 
A c t - A n  
A< t -An 
AC t -A i l  
Pa r  -An  
Pas -An  
B/L-0 
8 / L - O  
Pas-An  
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Table 16.7-2. DASB D i g i z a l  Te lemet ry  B i t s  
PDU- 02 6 0 Power t o  DASB Transra i tcer  A EnabLcd 
(B i - l eve l  1 Power t o  DXSA T r a n s s i t t e r  h Disabled  
7 0 Power t o  BAS3 T r a n s m t i t e r  E Enabled 
1 Poger to DASSB T r a n s m i t t e r  b Disab led  
Word 601) 
B i t  B i t  
Number S t a t e  St a t u s  Ind ica t ion  
I_ 
0 0 T r a n s m i t t e r  A r e l a y  O f f  
1 T r a n s m i t t e r  A r e l a y  On and i n p u t  power p r e s e n t  
1 0 T r a n s m i t t e r  B relay O f f  
1 T r a n s m i t t e r  B r e l a y  On and i n p u t  power p r e s e n t  
4 0 S-Band Antenna t o  T r a n s m i t t e r  A 
1 S-Band Antenna t o  T r a n s d t t e r  B 
16.7.1.2 T r a n s m i t t e r  0 Power On/Off (DtlSB-01, B i t  1) --- 
The s t a t u s  of t h e  power r e l a y  f o r  T r a n s m i t t e r  0 of t h e  DASB I s  i n d i c a t e d  by t h i s  
n o n i t o r  i n  accordance  w i t h  t h e  b i t  s ta tes  i d e n t i f i e d  in Table 16.7-2. The 
c i r c u i t r y  i s  shovn i n  Figure 15.7-2 w i t h  28 Vdc p o s e r  be ing  s u p p l . i t d  ELUV t h e  
PDU th rough the 'DASS Enable Power tj" rrl;y (see Poragrap!x 15.7 .ft I i . 2 ) .  The 
monitor of t h i s  r e l a y  s t a t u s  '?as no mcanlng u n l e s s  Traasn ic te t  E h m  been 
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16.7.1.3 - S-Band Antenna S e l e c t  T rans iu i t t e r  A/Transmi t te r  2 (DASB-OL, B i t  4) 
The i d e n t i f i c a t i o n  of t h e  t r a n s m i t t e r  which is coaaec ted  t o  t h e  S-band ante- 
is provided by t h i s  moni tor  i n  accordance  w i t h  t h e  b i &  states shown i n  Tab le  
16.7-2. T h i s  t e l eme t ry  i s  ene rg ized  by t h e  pover  s u p p l y  i n  RT.U 7 A / 7 B  u t F l i z i n g  
t h e  c i r c u i t r y  a s s o c i a t e d  w i t h  t h e  Coaxial S v i t c h  on Figure 16.7-1. 
16.7.2 DASB ACTIVE ANALOG TELEMETRY MONLTORS 
The ana log  t e l eme t ry  monitors € o r  t h e  DASB are l i s t e d  i n  Tab le  16.7-1 by t h e i r  
user I D  number and f u n c t i o n  names. Telemetry l i m i t s  are def ined  i n  Table  
16.7-3. For  i n f o n n a t i o n  r ega rd ing  c a l i b r a t i o n  curves f o r  &he te lemetered  
f u n c t i o n s ,  see Appendix A.16. 
16.7.2.1 Transmi t t e r  A Power Supply (DASB-02) 
The l e v e l  o f  v o l t a g e  from t h e  p r e r e g u l a t e d ,  4-23 Vdc power supply  €or  
T r a n s m i t t e r  A i s  measured by a v o l t a g e  d i v i d e r  connected between t h e  supply  and 
i t s  r e t u r n  l i n e .  T h i s  supply  i s  used i n  t h e  RF a m p l i f i e r  alrd ou tpu t  c i r c u i t r y  
f o r  t h e  A t r a n s m i t t e r .  S i n c e  i t s  l eve l  is only pre- regula ted ,  i t  s e r v e s  as an 
i n d i c a t o r  f o r  t h e  h e a l t h  of t h e  DC t o  DC c o n v e r t e r  and the  poner  t o  t h e  CL8V, 
u +25V and 25 Vdc pover supply  o u t p u t s  f o r  the A transmitter, al.1 of which are 
regu la t ed  sources .  The circuit f o r  t h i s  n o n i t o r  i s  shown i n  Figure lb.7-2. 
j Opesatirig l i m i t s  f o r  t h i s  f u n c t i o n  arc l i s t e d  in Table 16.7-3 ana t h e  
c a l i b r a t i o n  cu rve  is shown i r r  F igu re  Rib-1. 
16.7.2.2 Transmi t t e r  B Power Supply (DASG-03) 
The d e s c r i p t i o n  of t h i s  t e l eme t ry  f u n c t i o n  i s  i d e n t i c a l  t o  t h a t  i n  Paragraph 
i6.7.2.1 excep t  t h a t  t h e  power supply of DSAE T r a n s m i t t e r  5 is zon i to red .  
16.7.2.3 T r a n s m i t t e r  Forward RF Power (DASB-06)  
T h i s  t e l e m e t r y  f u n c t i o n  moni tors  t h e  Level. of  power which i s  s e n t  frorn t h e  RF 
a m p l i f i e r  of DASB T r a n s m i t t e r  A t o  t h e  an tenna .  Elements in a c i r c u l a t o r  
i s o l L t o r  f i l t e r  lire used as t h e  means t o  deve lop  a DC v o l t a g e  a c r o s s  a r e s i s t o r  
t h a t  is p r o p o r t i o n a l  t o  :he RF ou tpu t  of t h e  pouer a m p l i f i e r  f o r  t h i s  
t r a n s n i t t e r .  The c i r c u i t  f o r  t h e  monitor  i s  shown i n  F igu re  16.7-3. Opera t ing  
l i m i t s  are l i s t e d  i n  T i b l e  16.7-3. 
LSD-WC- 26 3 
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16.7.2.4 Transmitter B Forward Power (DASB-07) 
-I 
The d e s c r f p t i o n  of t h i s  t e l eme t ry  f u n c t i o n  is i d e n t i c a l  to t h a t  i n  Paragraph  
16.7 .2 .3  excep t  t h a t  t h e  RF forward power from t h e  DASB T r a n s m i t t e r  8 is 
monitored. 
16.7 .2 .5  
The power r e f l e c t e d  back from t h e  t r ansmiss ion  line and an tenna  to  DASB 
T r a n s m i t t e r  A is monitored by t h i s  t e l e m e t r y  c i r c u i t .  Another p a r t  of t h e  same 
c i r c u l a r  i s o l a t o r  filter used € o r  forward power moni tor ing  is  u t i l i z e d  f o r  t h i s  
t e l eme t ry  monitor .  The Vol tage  S tanding  Wave Ratio (VSWK) at t h e  transmitter may 
be c a l c u l a t e d  from t h e  forward and r e f l e c t e d  power d a t a  o b t a i n e d  by using t h i s  
formula: 
T r a w m i t t e r  A R e f l e c t e d  RF Power (DASB-OS) - 
The e lements  of the  f i l t e r  and t h e  c i r c u i t  used t u  deve lup  the t e l eme t ry  slgrial. 
p r o p o r t i o n a l  to t h e  r e f l e c t e d  power arc shown i n  F igu re  16 e 7-3. Operating 
limits are l i s t e d  In Table  16.7-3, 
16 -7 e 2 . 6  Transmi t t e r  B R e f l e c t e d  RF Power (DASB-09) 
_I_-- -- 
The d e s c r i p t i o n  of t h i s  t e l eme t ry  f u n c t i o n  is i d e n t i c a l  t o  t h a t  in Paragraph 
16.7 .2 .5  excep t  t h a t  t h e  r e f l e c t e d  RF power w i t h  tho DASB Transmi t t e r  B an tenna  
sys tern i s  noni  t o red .  . 
16.7.3 DASB PASSIVE XNALOG TELEiHETRY WONITORS 
The passive analog telemetrj  ranitors f o r  t he  UASB are l i s t e d  i n  Table 16.7-1 by 
User ID nmber and funct ion nme. Telemetry limits a re  defined in %able 16.7-3. 
For infornation regarding calibration data f o r  t h e  telemetry fylr,ctions, see 
appendix Aa16 e 
16.7 .3 .1  Transmi t t e r  5 -..PI- Power . b p l h f i e L  T e E p e r a t m z  W B L O ~ L  
The tempera ture  of the  pwier a m p l i f i e r  0: the  DASD T r a n s m i t t e r  A i s  Gionitcre(i by 
t h i s  telemetry point.. The c i r c u i t r y  f o r  t h i s  pass ive  ana log  c i r c u i t  i n  shown i n  
F igure  1 6 . 7 4 .  The 1 mA c u r r e n t  p u l s e  f o r  t h e  monitor  is supp l i ed  from ‘XIU 7. 
Operating liinits are l i s t e d  i n  Table  16.7-2. 
LSD-LTC-263 
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Figure 16.7-2. T r a n s m i t t e r  Pwer Supply Monitor Teleemetry C i r c u i t  
RF o u t p u t  
DASB P w r .  
from 
h P  - 
I 
I 
I > ;  I 
I 
'orward RF Pwr T - __I- I I 
I 
i r c ! r i h .  r 
Monitor T l m .  (DA5H-Ub 
I t i o n  - 1  4 
I 
i RF C i r c u l a t o r  Switch 1 
1 _ _ _ _ _ _  - - - -- --- -- - - - --I Isolator Filter 
Telemetry Return 
Trans .  R e f l e c t e d  R F  Pwr. 
Monitor T l m .  (OASB-08,OS) 
F i g u r e  16.7-3. T r a n s m i t t e r  RF Power Moni tor  Telemetry C i r c u i t  
1mA Current  Pulse  
Temp. Tel eme t r y  
(DI\SGi-04,05;TH-l9.20) 
> Telemetry Return 
T r a n s m i t t e r  Temperature Telemcry C i r c u i t  F i g u r e  16 -7-4.  
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16.7-3.2 T r a n s n i t t e r  Power Ampl i f i e r  T e q e r a t u r e  (DASB-OS) 
The d e s c r i p t i o n  o f  t h i s  t e l e m e t r y  f u n c t i o n  is i d e n t i c a l  t o  t h a t  con ta ined  i n  
Paragraph  16.7.3.1 e x c e p t  t h a t  t h e  t empera tu re  Fa roonitored in bASB T r a n s d t t e r  
E. 
16.7.4 DASB TELEMETRY IN OTHER SUBSYSTEMS 
I n  a d d i t i o n  t o  t h e  t e l e m e t r y  c i r c u i t s  which are a n  i n t e g r a l  p a r t  of t h e  DASE, 
moni tors  f o r  t h i s  t r a n s m i t t e r  are l o c a t e d  i n  two o t h e r  subsystems of t h e  IM. 
In fo rma t ion  on them is Lncluded i n  T a b l e s  16.7-1 through 16.7-3, as a p p r o p r i a t e .  
D e s c r i p t i o n s  of t h e i r  f u n c t i o n s  and c i r c u i t  i l l u s t r a t i o n &  are provided  here. 
16.7.4.1 Monitors i n  PDU 
16.7.4.1.1 Power to  DASB T r a n s m i t t e r  A Enab le /Di sab le  (P5U-02, Bit 6)  
--
The s t a t u s  of  t h e  r e l a y  which p rov ides  24 Vdc power from t h e  IM t o  DASB 
T r a n s m i t t e r  A is monitored by t h i s  b i - l e v e l  d i g i t a l  t e l e m e t r y  po in t .  Its 
c h a r a c t e r i s t i c s  are summarized i n  Tab le  16.7-1 and t h e  c i r c u i t r y  is shown fn 
Figure  16.i-1. The Enable relay w i l l  be d i s a b l e d  e i t h e r  by specific comnands to 
t h e  PDU O F  when t h e  P D U  r e c e i v e s  s i g n a l s  t h a t  the F l i g h t  S e g m n t  intiat he 
conf igured  f o r  t h e  Safe-Hold Mode as d i scuesed  in Paragraph 16.6.1.3. Any one 
uf t h e s e  c o n d i t f ~ n s  places the Ennblc/Disable r e l a y  f o r  borti Transmittcrfi A ar.6 
B i n  t h e  Di sab le  s t a t e  as i l1us : ra ted  i n  F igu re  16.7-1. The s t a t u s  i n d i c a t i o n  
a s s o c i a t e d  w i t h  t h e  two s ta tes  of t he  b i - l eve l  t e l e m e t r y  moni tor  i s  shohn i n  
Table  16.7-2. 
16.7.4.1.2 Power t o  DASB T r a n s m i t t e r  B EnablelDFsable (P5U-02, B i t  7 )  
The s t a t u s  of t h e  r e l a y  which p rov ides  24 Vdc power from t h e  IM t o  DASB 
T r a n s m i t t e r  B is monitored by t h i s  b i - l e v e l  d i g i t a l  t e l e m e t r y  p c f n ’  Th:! 
d e s c r i p t f o n  provided  i n  Paragraph  16.7.4.1.1 a p p l i e s  t o  this; monitor ‘ . ‘ . - i ~  t h a t  
T r a n s m i t t e r  B i s  a f f e c t e d .  Note t h a t  t h e  same f u n c t i o n s  Which. a f s a b l e  
T r a n s m i t t e r  A a l so  d i s a b l e  T r a n s m i t t e r  B. 
16.7.4.2.1 S-Band T r a n s m i t t e r  Pane l  Temperature No. 1 (TH-19) 
The t e a p e r a t u r e  a t  one p o i n t  on t h e  mounting pane l  f o r  t h e  S-band t r a n s m i t t e r  i n  
t h e  15 is monitored by t h i s  t e l e m e t r y  monitor.  The c i r c u i t r y  f o r  t h i s  pas s ive  
ana log  c i r c u i t  i s  shown i n  F igu re  16.7-4. The  Z :sA cur~ent p u l s e  is s u p p l b e d  
fron RIU 7 .  Opera t ing  lfrnits are l i s t ed  i i i  Tab le  16.7-2. 
16.7.4.2.2 S-Band T r a n s m i t t e r  Panel Temperatur; No. 2 (TH-20) 
T h i s  monitor i s  il redundant u n i t  t o  t h a t  d e s c r i b e d  i n  Paragraph  16.7.4.2.1 and 
monitors ano the r  po in t  on t h e  mounting panel .  O the r  F n f o m e t i o n  in that 
LSD-LPC-2.03 
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paragraph a p p l i e s  &G this telemetry point except that the L mh current pulse LS 
8uppli.d Eron RXU 8.  
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WLTI-SPECTRAL SCANNER 
The MSS f l i g h t  sys tem is  des igned  t o  g a t h e r  m u l t i s p e c t r a l  measurements t o  
i d e n t i f y  gcDlogica1, a g r i c u l t u r a l / f o r e s t r y  and o t h e r  , s r t h  r e s o u r c e  f e a t u r e s .  
T h i s  sys tem g e n e r a t e s  t h e  in fo rma t ion  n e c e s s a r y  t o  produce maps of r a d i a n t  
energy  r e f l e c t e d  i n  t h e  a s s igned  s p e c t r a l  bands i n  o r d e r  t o  de t e rmine  t h e  
s p e c t r a l  c h a r a c t e r l s t . c s ,  w i t h i n  each r e s o l u t i o n  ce l l  of t h e  t e r r a i n  benea th  t h e  
f l i g h t  segment. T h i s  i s  accomplished by imaging t h e  d a t a  i n  a l l  s p e c t r a l  bands 
s imul t aneous ly  w i t h  t h e  same o p t i c a l  system. The M!S c o n s i s t s  of a scanner and a 
m u l t i p l e x e r .  
17 .1  FUNCTIONAL DESCRIPTION 
The M u l t i s p e c t r a l  Scanner  (MSS) subsys tem g a t h e r s  d a t a  by imaging t h e  s u r f a c e  of 
t h e  ear th  i n  s e v e r a l  s p e c t r a l  bands s imul t aneous ly  through t h e  same o p t i c a l  
system. 
p rov ides  t h e  scanne r  f u n c t i o n a l  b l o c k  diagram. The MSS i s  a 4-band s c a n n e r  
o p e r a t i n g  i n  t h e  s o l a r - r e f l e c t e d  s p e c t r a l  band r e g i o n  from 0.5 t o  1.1 d c r o m e e e r  
wave l e n g t h .  The f o u r  s p e c t r a l  bands are:  
F igu re  17  .l-1 i s  a h i g h l y - s i n p l i  f i e d  p i c t o r i u l  overview. F i g u r e  17.1-2 ' 
Band 1 0.5 t o  0 . 6  micromaLers ( v i s i b l e )  
Band 2 0.6 t o  0.7 micrometers ( v i s i b f e )  
Band 3 0.7 t o  0.8 d c r o t y e t e r s  ( n e a r  IR) 
Band 4 0.8 LO 1.1 micrometers  ( n e a r  IK) 
Bands 1 th rough 3 use  p h o t o m u l t i p l i e r  t u b e s  as d e t e c t o r s ;  Band 4 u s e s  si112 
photodiodes .  
F igu res  17.1-3 and 17.1-4 i l l u s t r a t e  t h e  dynamics of t h e  s c a n  p a t t e r n .  The MSS 
scans  c r o s s - t r a c k  swaths  of 185 k i l o m e t e r s  w id th ,  imnging 6 s c a n  l i n e s  a c r o s s  i n  
each of t h e  4 s p e c t r a l  bands s imul t aneous ly  (24  s c a n  l i n e s  t o t a l ) .  The o b j e c t  
p l ane  is scanned by means of tan o s c i l l a t i n g  f l a t  m i r r o r  between t h e  scene  and 
t h e  d o u b l e - r e f l e c t o r  t e l e s c o p e  type  of  o p t i c a l  cha in .  The 14.9 deg ree  c r o s s -  
t r a c k  f i e l d  of view is ob ta ined  as t h e  m i r r o r  o s c i l l a t e s .  
The  i n s t a n t a n e o u s  f i e l d  of view of each  d e t e c t o r  sub tends  a n  e a r t h - a r e a  s q u a r e  
of 83 meters on a s i d e  from t h e  nominal o r b i t a l  a l t i t u d e  (705 KX). F i n l d  s t o p s  
are formed f o r  each l i n e  imaged d u r i n g  n s c a n ,  and f o r  each  s p e c t r a l  band, by 
t h e  s q u a r e  inpu t  end of a n  o p t i c a l  f i b e r .  S i x  of t h e s e  f i b e r s - i n  each  of t h e  4 
bands are arranged i n  a 4 by 6 m a t r i x  i n  ihe focused &rea of the t e l e s c o p e .  
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Figure 17.1-3. Ground Scan Pattern f o r  et S i n g l e  MSS Detector 
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L i g h t  impinging on each  g l a s s  f i b e r  is conducted t o  a n  i n d i v i d u a l  d e t e c t o r  
through an opt ical  f i l t e r ,  un ique  t o  t h e  s p e c t r a l  band se rved .  An image of a 
l i n e  a c r o s s  t h e  swath is swept a c r o s s  t h e  f i b e r  each t i m e  t h e  m i r r o r  s cans ,  
causing a v i d e o  s i g n a l  t o  be produced a t  t h e  scanne r  e l e c t r o n i c s  o u t p u t  f o r  each 
of 24 channels .  These s i g n a l s  are then  sampled, d i g i t i z e d  and f o n n a t t e d  i n t o  a 
serial d i g i t a l  d a t a  s t r eam by t h e  MSS mul t ip l exe r .  The s i g n a l s  in bands 1 and 2 
can  be a m p l i f i e d  by a f a c t o r  of t h r e e  upon command t o  increase response t o  low 
l e v e l  s c e n e  r ad iance  ‘ 
The a long- t r ack  scan  i s  produced by t h e  o r b i t a l  motion of t h e  s p a c e c r a f t .  The 
nominal o r b i t a l  v e l o c i t y  causes  an  a long- t rack  motion o f  t h e  s u b s a t e l l i t e  p o i n t  
of 6.82 km/sec n e g l e c t i n g  s p a c e c r a f t  p e r t u r b n t i o n  and e a r t h  r o t a t i o n  effects. By 
o s c i l l a t i n g  t h e  m i r r o r  a t  a rate of 13.62 Hz, t h e  s u b s a t e l l i t e  po in t  w i l l  have 
moved 496 meters a long  t h e  t r a c k  du r ing  t h e  73 .42-n t l l i second a c t i v e  scan  and 
r e t r a c e  cyc le .  The wid th  of t h e  a long  t r a c k  f ie ld-of-view of s i x  d e t e c t o r s  is 
a l so  496 meters. swath 
i s  ob ta ined .  The l i n e  scanned by t h e  f i r s &  d e t e c t o r  i n  o m  cycle o f  t he  a c t l v c  
m i r r o r  s can  lfes adjacent .  t o  t he  l i n e  scanned by t h e  six:h d e t e c t o r  of the 
previous  mLrrcr scan .  
Thus, complete  coverage of t h e  t o t a l  185 kiloaeter wide 
On-bozrd c a l i b r a t i o n  i s  accomplished a s  f o l l o v s :  During t h e  r e t r a c e  i n t e r v a l ,  
uhen t h e  scan  mfr ror  makes t h e  t r s r i o i t  from east t o  west, a s h u t t e r  wheel c l o s e s  
o f f  t h e  o p t i c a l  f i b e r  view t o  t h e  e a r t h  and a l i g h t  sou rcc  i s  p r o j e c t e d  on t h e  
f i b e r s  v i a  a p r i s m .  A con t inuous ly  v a r i a b l e  n e u t r a l  d e n s i t y  f i l t e r  i s  s w e p t  
a c r o s s  t h e  l i g h t  pa th  so t h a t  each v ideo  channel  carries ii t r i a n g u l a r  p u l s e  of 
about  20  m i l l i s e c o n d s  d u r a t i o n  which begins w i t h  an a b r u p t  t r a n s i t i o n  from b l a c k  
t o  whi te  and descends monotonica l ly  back t o  black.  The s h u t t e r  i s  desipqed t o  
r o t a t e  once f o r  eve ry  two scans  s o  t h a t  t h e  c a l i b r a t i o n  s i g n a l s  a r e  a v a i l a b l e  
dur ing  a l t e r n a t e  retrace i n t e r v a l s .  
17.I.L MSS FfiiLTiPLEXER 
The XSS m u l t i p l e x e r  p rov ides  t o ,  o r  r e c e t v e s  from, the s p a c e c r a f t  t he  s i g n a l s  
116 ted be low: 
Data Signal 
Sit r a t e  c l o c k  s i g n a l  
T i s e  code envelope 
T i m e  code s t r o b e  
Tine code d a t a  s i g n a l  
TO/ FXOM 
To spacecrnf  t widebind  and S - I f a ~ d  s y s t e ~ s  
To s p a c e c r a f t  w i d e b s n d  and S-Piartd s y s t i ~ s  
To I?f DFU 
To XH DPU 
From IM DPU 
F i g u r e  17.1-5 i l l u s t r a t e s  t h e s e  f u n c t i o n a l  i n t e r f a c e s .  
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Word rete and b i t  rate l a  w i n t a f n e d  uni formly  from 3c5n eo @can and divsLJa3w 
i n t e g r a l l y  i n to  a scan  cyc le .  The 13.62 He mirror drivap ~lginta!. is d s r i v e d  by 
t h e  MUX from i t s  ata ta t  oscillator of 30 Muz. B i t  and word eynchroni twtfon  are 
to be main ta ined  con t inuous ly  by t h e  demul t ip lexer .  Only ehrs lina stare and 
minor frame eynchron iza t ion  need EO be acqui red  in each  s c a n  and this FB 
f a c i l i t a t e d  by having t h e  word aynchroniza t ior l  in format ion .  
A d e t a i l e d  d e s c r i p e l o n  of t h e  MSS d a t a  fopnuat is p r i a t a d  in t h e  Lande%t D Delta 
Format Con t ro l  Book, V o h i e  V (Payload), Document SVS-10122. 
1 7 . 2  PERFOPMNCE CAPABZLITIES 
The Mul t i  Spec t ra l .  Scanner’e g e n e t e l  performance parameters  are t a b u l a t e d  balow: 
IFOV 117.2 r a d  
Orbit A l t i t u d e  705.3 Kilometers 
Number of Ilsnds 4 
Deeectors  per band 
Longf tucii nal Trace  
( p r o j e c t e d  f i e l d  of view of 6 d e t e c c o r o )  
‘ . e loc i ty  of n a d i r  po in t  
F i e l d  -of--view 
L i n e a r  Y C ~ R  rete 
Hirror scan frequency 
Scan per iod  
Turn around t L i n e  
IFOV’s pwer swath 
Samples per  act i ve scan 
A c t i v e  scan per iod  
Kel sampl ing  r a t e  
6 
496 maters  
6.75  Kflomterlsec 
14.90 deg ,  0.260 r a d  





3 , 2 9 0  
32.6 ms p e r  scan per iod  
1.46 5 , s m p l e s / l F O V  w f d t h  
I i - s  
i SVS-10266 31 December 1981 
S p a t i a l  f requency  a t  kef saaplirig rate 56.6 nteeers 
Video f requency  f o r  68.6 meter f t .  b a r s  41 KWe 
Video bandwidth p e r  limit 38.2 meters 77 RHa 
Channel sampling rate 100.4175K samples/sec 
Channel r e p e a t  sample t i m e  9.958 microseconds 
Word t i m e  0.398 microseconds 
B i t  rate 15,062,630 .Is bi tdsec .  
17.3 MODES OF OPEMTION 
There are s e v e r a l  MSS Opera t ing  Modes and sys t em c o n f i g u r a t i o n s .  The MSS has  
two b a s i c  c o n f i g u r a t i o n s ;  pr imary and redundant.  A combinat ion of pr imary and 
redundant  €unct ions  can be employed i f  r e q u i r e d .  The modes of o p e r a t i o n  are; 
laiinch, s tandby and o p e r a t i n g .  The MSS m p l i f L e t a  f o r  Band 1 and 2 have &wo 
modes, high and I s w  gain. For  bands 1, 2 and 3 ,  the HlSS Ewux can operate. i n  the  
l i n e a r  s i g n a l  amplif Lcation or  s i g n a l  C O R ~ ~ ~ S S ' O ~  mdes.  'Band 4 only operates 
L n  t h e  low g a i n  l i n e a r  amplhf %cation mdc. These nalries and corkfigurat ions 3 r e  
d i s c u s s e d  below: 
17.3 .I ElSS SYSTEM CONFIGURATIONS 
17.3.1.1 Primary 
The MSS is conf igu red  f o r  primary o p e r a t i o n s  by sdec t ing  all t h e  "A" d e s i g n a t e d  
f u n c t i o n s  T ~ h l e  17.1-1 S'IOWS t h e  f u n c t i o n a l  S!ttatu6 of t h e  components in t h e  
c o n € i g u r a t i o n .  
17 .? .1.2 Redundant 
When a l l  t he  "B" des igna ted  f u n c t i o n s  are s e l e c t e d  t h e  MSS i s  conf igured  for 
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Table 13 .l-1. MSS M o d e / C o n f i g u r o t l o n  D e f i n i t i o n  
O p e r a t i n g  Piode 
Launch 
Note  Mode Standby" ~- 
SYSTEM PVR A 
SYSTEM PWR B 
MODE 
BAND 1 tiV A 
BAND 1 WV B 
BANb 2 HV A 
BAND 2 HV B 
BAND 3 HV A 
BAND 3 HV B 
BAND 1 1 
BAND 2 1 
BAND 3 1 
BAND 4 1 
ROTATING SIIUTER D R I V E R  2 
SHUTTER M N .  SOURCE A 
SHUTTER PiOW, SOURCE B 
CALIB.  LAMP A 
SCAN MON SOURCE X 
SCAN MON SOURCE B 
MIDSCAN CODE 3 
MUX 4 
E.4ND 1 G A I N  5 
BAND 2 G A I N  5 
CALIB- LAMP B 
ON 
OFF 































































































1. Bands c a n  be i n d i v i d u a l l y  ac : iva t ed  o r  d e a c t i v a t e d  by command. 
2 .  S h u t t e r  is r o t a t i n g  in l a u n c h  =de. 
- 
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Tabla 17.1-1 p1SS ModwlConf fgltrrrtfon DefinFtLoc 
3 .  Midecllrn code m y  be comanded eo output atidscan coda for @can motion 
d i  %nos tics 
4 .  Band 1-3 data  is nor l t y  cosgresmd by the multiplrixcar tQ m t c h  tho 
s i g n a l  t o  noise charace frrtics of the p h o t o m l t i p l i e r  tuba 
be procasead i n  Q l inear  nner  by command. 
5 .  Bnnde 1 and 2 can be ind iv idua l ly  coerasrnndsd t o  high gain  ( 3 : l )  for  
sensing low l i g h t  l e v e l  B C B ~ ~ B .  
SVS-10266 
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17.3.1.3 Combination of Primary and Redundant Furnctiona - -  - -  
T h i s  c o n f i g u r a t i o n  is a mix of -A- and "B" f u n c t i o n s .  T h i s  c o n f i g u r a t i o n  is 
used o n l y  as components degrade below a c c e p t a b l e  l i m i t s  as a r e s u l t  o r b i t a l  
o p e r a t i o n  o r  t h e  f a i l u r e  of redundant element. 
of 
17.3.2 NSS SYSTEM MODES 
17.3.2.1 h u n c h  %ode -- 
For launch t h e  EfSS w i l l  he placed i n  launch mode wieh coaiporrente confFigured as  
shown i n  Tab le  17.1-1. The MSS is to bet 1 unched i n  the ~ i r n ~ ~ ~  pcover state 
c o n s i s t e n t  w i t h  requirement  t h a t  t h e  r o t a t i n g  s h u t t e r  be "ON". 
17.3.2.2 Standby Mode 
I_
The 
Thio mode is used when t h e  MSS is not  in u5e iwngfng. 
s t a t u s  of t h e  MSS components i n  t h e  Standby Mode is shown in Tab le  17.1-1. 
17.3.2.3 Operating Plode 
Whenever MSS s e n s o r  d a t e  i s  requfrcd chzt system i o  placed Pin t h e  noemnl 
Opera t ing  Mode as  shovn i n  Table 17.l-I.Thio mode may ba conf igu red  as  p r tmsry ,  
redundant or  a combinat ion of pr imary  and redundant f u n c t i o n s .  
17.3.3 BAND 1 AND 2 AMPLIFIER MODES 
The Band 1 and Band 2 v ideo  densor d a t a  from t h e  p h o t o m u l t i p l i e r  t u b e s  can be 
cctmmended i n t o  (t low g a i n  or  h i g h  r a i n  ( 3 : l )  mode. High g a i n  i s  used f o r  
s e n s i n g  low l i g h t  l e v e l  s cenes .  Band 3 and 4 remain i n  low g a i n  and a re  no t  
commandable t o  h igh  g a i n  m d e .  
1 7  - 3  - 4  MULTIPLEXER MODES 
The MSS 
The video 
a m p l i f i e r  
i 7 * 4  MSS 
ampli  fier 
-- 
M u l t i p l e x e r  m y  be commanded into two modes, Linear and Compression. 
s i g n a l s  f r o m  Bands 1-3 c a n  be d t r e c t e d  by command to a l inear  
o r  a compression n a p l f f i e r  p r i o r  t o  encoding. The compression 
enhnncea n o i s e  c h a r a c t e r i s t i c s  f o r  better s e n s o r  r e s o l u t i o n .  
17.4 a 1 MSS INITXA1,KZATION CONSTRAINTS 
1. After  launch insertion, a minimum of t e n  hour s  is requi red  for 
o u t g a s s i n g  p r i o r  eo turn-on t o  v e r i f y  o u t g a s s i n g  pe r iod  ( n o  h igh  
v o l t a g e  a r c i n g ) .  
LSD-WPC-263 
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2. The scanne r  and s c a n  m i r r o r  n u s t  be g i v e n  a 3 d n u t e  w a r m  up pariod 
p r i o r  t o  c o l l e c t i o n  of daea  f o r  r ad iomet r i c  a n n a l y s i s  o r  sun  
c a l i b r a t i o n .  
17.4.2 WS TELEMETRY CONSTRAINTS 
All v o l t a g e ,  c u r r e n t  and rniocel laneous t e l e m e t r y  f u n c t i o n s  should  be w i t h i n  
s p e c i f i e d  l i m i e s -  Data w i l l  be processed  a t  ground s t a t i o n ,  and limits s h a l l  be 
alarmed when exceeded. 
17 *4  - 3  MSS COWAND CONSTRAINTS 
1. When t h e  MSS sys tem is conf igu red  i n  t h e  Launch Mode, t h e  t r ansmiss ion  
of  t h e  "Mode Operate"  comaand m y  cause  t h e  MSS power t o  be turned-off  
a u t o m a t i c a l l y .  T h i s  causes  no dama?ge b u t  should  be avoided .  The 
"System Power A ON ( o r  B ON)"  must t hen  be s e n t  t o  t u r n  t h e  power back 
ON. To avo id  t h i s  p o s s i b l e  t u r n  o f f  sdturot ioi i ,  t h e  "SYSTEPI POIJER OFF" 
co-nd must be t r a n s m i t t e d  p r i o r  t o  re- t renam%ssioa o f  t h e  "IHODE 
OPERATE" eatamand 
2 .  It i s  possible t o  comtmrtd bo th  power s u p p l i e s  on a t  the same e 1 w .  
T h i s  r e s u l t s  Zn somewhat g r e a t e r  power drab but cazscles no damge. 
"SYSTEM P O E R  OFF" command should  be s en t  befora Bending "SYSTEi4 PViER 
A Off (or B O N ) "  command. 
17 - 4  - 4  MSS TEMPEPJ-TURE CONSTRAINTS 
1. The MSS s h a l l  be commanded "OFF" whenever any MSS t empera tu re  
t h e  m a x i m u m  limits l i s t e d  below. 
on  if any tempera ture  f a l l s  below 0 C (32'F). 
r eaches  
:he MSS (IM) h e a t e r  s h a l l  be tu rned  
Power s u p p l i e s  
E l e c t r o n i c  cover  
F i b e r  o p t i c s  p l a t e  
Scan m i r r o r  r e g u l a t o r  
Scan m i r r o r  d r i v e  e l e c t r o n i c s  
Scan m i r r o r  coil 
Scan m i r r o r  housing 
Mu1 e i p l e x e  t 

















I. The MSS high  v o l t a g e  turn-on is t o  t a k e  p l a c e  rr.fy af ter  10 hours  
(minimum) of ou tgass ing  eZtrr t h e  f l i g h t  segment is expiposed t o  a 
vacuum environment of la--' Tor r  o r  less. 
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1. A t  no time is  t h e  MSS FOV t o  be poin ted  d i r e c t l y  a t  t h e  sun. Such 
viewing  w i t h i n  a 7 112' cone a n g l e  r e l a t i v e  t o  t h e  HSS b o r e s i g h t  (2) 
axis will ceuse permanent damage. Sun exposure  w i t h i n  t h e  r e g i o n  
bounded h a l f  cone a n g l e s  of 7 X/2' and 6 3 O  s h a l l  be l i m i t e d  t o  55 
minutes  maximum. 
by 
17.4.7 MSS OPERATING MODE CONSTMIETS 
1. The MSS o p e r a t i n g  du ty  c y c l e  s h a l l  n o t  exceed 33% of an o r b i t a l  p e r i o d  
of 99 minutes.  
2. During l aunch  or v i b r a t i o n ,  t h e  MSS s h a l l  be o p e r a t e d  w i t h  r o t a t i n g  
s h u t t e r  "ON". 
17.4.8 MSS SAFE-HOLD CONSTRAINTS 
1. Command XWMSS I / F  Heaters '"ON" is; nu t  p r e V i O U 5 l y  ON, t o  ~ X l o r a  
t h e r m o s t a t i c a l l y  cont ro l lad  heaters A B to operate. 
2 .  Ground conmnd, "SYSEE OFF", af'rer the f l i g h t  segmizt haas seturnad 
fron node t o  t h e  e a r t h  point ing mode agzin and s o l * r  array 
is i n  t h e  normal o r b i t  c o n f i g u r a t i o n ,  and MSS power has  been re- 
enab led  i n  t h e  PDU. 
SAFE-BOLD 
17 - 4  - 9  MSS LAUNCH MODE CONSTRAINTS 
1. The scanne r  r o t a t i n g  system should  be on and Nigh Vol tage  OFF. 
17.5 REDUNRMCY 
_._I_- 
A s  shown i n  Paragraph  17.3 t h e  MSS has t h r e e  o p e r a t i o n a l  modes, p r imary ,  
redundant and mixed. The primary mode u s e s  t h e  A Components, t h e  redundant mode 
u s e s  t h e  B components, and t h e  combined Primary/Redundant mode u s e s  A and B 
components. The redundant components a r e  l i s t e d  bellow: 
PRIMARY POWER SUPPLY A 
PREREGULATOR A 
PXIHARY POKER SUPPLY B 
PREPSGULATOK B 
INVERTER B 
BAND 1 W PWR SUPPLY A 
BAND J. Hv PWR SUPPLY B 
BAND 2 W Pk'R SUPPLY A 
BAND 2 HV PWR SUPPLY B 
BAND 3 Hv PWR SUPPLY A 




CALIBRATION LAMP A 
CALIBRATION LAW B 
S C M  MONITOR A 
SCAN MONITOR B 
SHUTTER MONITOR A 
There a r e  t h r e e  t y p e s  of c ros s -a t r app ing :  dedicclted, actfve and pass ive .  Ac t ive  
c ros s - s t r app ing  is where pr imsry  and redundant  componenes both  f eed  a t h i r d  
u n i t .  There i s  no a c t i v e  c roas - s t r appfng  in t h e  MSS. Passive c ross - s t r app ing  
lnvov les  the  s e l e c t i o n  of t h e  Primary (A)  or Redundant (B) component by commend 
swi t ch ing  a8 in t h e  i n t e r f a c e s  shown or. F i g u r e  17.5-1. marked w i t h  P . 
Dedicated c o m p o n e n t s  @re used t o g e t h e r  and cannot  be c rossed-s t rapped  as in t h e  
MSS power s u p p l y ,  p r e r e g u l a t o r  rand i n v e r t e r  ( t . e . ,  power supply  A cannot  power 
p r e r e g u l a t o r  F igu re  
1 7  .S-1 shows t h e  cross-s t rappint3 in the MSS S d x y s t e Q .  
B nor  can p r e r e g u l a t o r  A power i n v e r t e r  R and v ice-versa) .  
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17.6 MSS CObQW?DS -
The o p e r a t i o n  of t h e  MSS i s  c o n t r o l l e d  by 3 1  d i s c r e t e  comnands d i r e c t l y  to t h e  
MSS, and 5 d i s c r e t e  commands t o  t h e  PDU. I n  a d d i t i o n ,  MSS t he rma l  c o n t r o l  is 
achieved  by 2 d i s c r e t e  commaads t o  the PDU and 6 d i a c r e t e  command8 t o  t h e  SCCU. 
The MSS commands are l i s t e d  i n  Tab le  17.6-1.. MSS comands  and r e l a t e d  PDU end 
SCCU commands a r e  d e s c r i b e d  i n  Paragraph  17.6.1. Appl i cab le  PDU and SCCU 
commands ate l i s t e d  i n  Tab les  17.6-2 and 17.6-3, r e s p e c t i v e l y .  S t anda rd  HSS 
command sequences are provided  i n  Pa rag raphs  14.6.2. P'SS command c o n s t r a i n t s  
a r e  d e f i n e d  in Paragraph  17.6.3. 
T h i s  s e c t i o n  also prov ides  f u n c t i o n a l  schemarics of t h e  command c i r c u i t s  as an  
a i d  t o  unde r s t and ing  t h e  command i n t e r f a c e .  Note, however, t h a t  t h e  funct ional .  
schematicb are provided  as in fo rma t ion  on ly ;  they ace  superseded  by t h e  exact 
c i r c u i t s  shown on t h e  e n g i n e e r i n g  drawings.  
L SD-WPC-26 3 
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17.6.1.1 E Syattsm Power "A" On 
Execut ion o f  t h e  "Syetata Pnwsr A On" cornmind (SYSAON)  erpplias apacacraft power 
t o  primary power s u p p l y  1 and aelmcts scan mirror poa.c?rr l f n e  1. SYSAQN 
ro iays  K1, K5, t i6 ,  #7 atid b?9.  K1 wet@ 83 v i e  d p u l s e  s t r e t c h e r  c i r c u i t  (oee 
Figure 17.h-1). The ayluttRm o f f  cnmmnnd a\iould ba transmitted and vertfirsd prior 
t o  t r a n m t s s 1 w  o f  this commni:d t o  avoid enarglafrtg both p r l w r y  power auppliapl 
Irimlllccpileo\rsly. 
17.6.1.2 QXJ 9 Syyetam Povsr "R" On - - -- 
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17.6.1.6 
Execut ion  of t h e  Band 2 High Voltage A On, B Off comarand (BDZHVAON) connec t s  t h e  
pr imary of Band 2 High Vol tage  Power Supply (A) Transformer and d i s c o n n e c t s  t h e  
redundant  Band 2 High Vol tage  Power Supply (B) Transformer pr imary a t  t h e  Band 2 
42 VAC c o n t a c t  of t h e  h igh  v o l t a g e  on r e l a y  K8. BDZHVAON sets r e l a y  K12 and 
resets K13 ( s e e  F igu re  17.6-2). 
(CMD 806) Band 2 HiBh_ Vol tage  A On/B Off ---- --- 
17.6.1.7 
Execut ion  of t h e  Band 3 High Vol tage  A On, B Off corn nd (BD3HVAON) connec t s  t h e  
pr imary of Band 3 High Voltage Power Supply (A)  Transformer and d i s c o n n e c t s  t h e  
redundant  Rand 3 High Vol tage  Power Supply ( B )  T r a ~ s s f o m e r  primary a t  t h e  42 VAC 
c o n t a c t  of t h e  h igh  v o l t a g e  on r e l a y  K9. BDJHVAON sets r e l a y  K 1 4  and r e a e t s  Kl5 
( s e e  F igu re  17.6-2). 
(CMD 711) Rand 3 High Voltage A On/B Off ---- --- 
17.6.1.8 (CMD 735) Band 1 VoStrsge B Qn, A Off - -_I--- I 
Execut ion  of the Band I High Voltage B On, A O f f  cemmild (BDLIIVBON) connects t h e  
primary of Band 1 Hbgn Voltage Paver Supply (B) TsnnsEorm?r and disconnrces the 
prime Band 1 High Voltage Power Supply (A)  T r a n a f o m e r  pr ina ry  at the Rgnd I 42 
VAC c o n t a c t  of t h e  h igh  vol toge  on r e l e y  KB. BDVHVBON s e t s  r e l a y  K11 and resets 
K10 ( s e e  F igu re  17.6-2). 
17.6.1.9 (epID 848) Band 2 High Voltage B On, A Off ---- 
Execut ion  of t h e  Band 2 High Voltage B On, A Off command (BD2HVBON) connec t s  the  
pr imary of Band 2 High Voltage Power Supply ( E )  Transformer and d i s c o n n e c t s  t h e  
pr ime Band 2 High Vol. ige Power Supply (A) Transformer primary a t  t h e  Band 2 42 
VhC c o n t a c t  of t h e  h igh  v o l t a g e  on r e l a y  K8. BDZHVBON sets r e l a y  IC13 and resets 
K12 (see F igure  17.6-2). 
17.6.1.10 
Execut ion  of t h e  Band 3 High Voltage B On, A Off command (BD3HVBON) connec t s  t h e  
primary of Rand 3 redundant  Hfgh Voltage Power Supply ( B )  Transformer and 
d i s c o n n e c t s  t h e  prime Band 3 High Voltage Power Supply (A) Transformer primary 
a t  t h e  Band 3 4 2  VAC c o n t a c t  of the hfgh voltrage on r e b y  ii9. BD3iWRW :ic:ts 
re ley  K15 and renets K l k  ( s e e  F igure  17.6-2). 
(CKD 737) Band 3 E Voltage B On A Off ---- ---- 
17.6.1.11 
Execut ion of t h e  Rand 1 High Voltage Off commarid (f;i)lHVOFF) d i s c o n n e c t s  t h e  
p r imar i e s  of t he  prime and redundant  (A&B) Bend 1 High Voltage Power Supply 
Transformers  from t h e  Band 1 6 2  VAC i n p u t  l i n e .  BDlHVOFF resets r e l a y s  K10 and 
K11 ( s e e  F igu re  17.6-2). 
(Ct4D 709) Band 1 High Voltage off ----_ - 
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17.6.1.12 
Execut ion  of t h e  Band 2 High Vol tage  Off command (BDZHUOFF) d i s c o n n e c t s  the 
p r i m a r i e s  of t h e  prime and redundant  (ABR) Band 2 High Vol tage  Power Supply 
Transformers  from t h e  Band 2 42 VAC i n p u t  l i n e .  BDZWOFF resets r e l a y s  K12 and 
K13 ( s e e  FLgure 17.6-2). 
(CMD 810) Band 2 High Vol tage  Off ---- -
17.6.1.13 
Execut ion  of  t he  Band 3 High Voltage Off command (BD3HVOFF) d i s c o n n e c t s  t h e  
p r imar i e s  of t h e  prime and redundant  (A&B) Band 3 High Vol tage  Power Supply 
Transformers  from the  Band 3 42 VAC i n p u t  line. BD3WOFF resets r e l a y s  K14 and 
K15 ( s e e  F i g u r e  17.6-2). 
(CND 723)  Band 3 High Vol tage  off ---- 
17.6.1.14 (CMD 812) Band 1 L o w  Voltage On 
Execut ion  of t h e  Band 1 Low Vol tage  On coorrsnd (BDTOU) eppLSes 4-19 V13c to  t h e  
Band 1 +15 VDC r e g u l a i o r ,  which supglbea  power t o  the  &nd I Video Pre-  
ampl i f ie r ;  and P M  Buf fe r  hmplfficre. 6010N sets relay K1G ( s e e  F i g u r e  17-6 -3 ) .  
------ - -  
17.6.1.15 (CMD 840)  Band 2 Low Voleeee -I On 
---I_-II 
Execut ion  of t h e  Band 2 Low Vol tage  on command (BD20N) a p p l i e s  +19 VDC co t h e  
Band 2 +I5 VDC r e g u l a t o r ,  which s u p p l i e s  power t o  t h e  x8nd 2 Video Pre- 
a m p l i f i e r s  and PMT Buf fe r  Ampl i f i e r s .  BDZON sets r e l a y  K17 ( s e e  F i g u r e  17.6-3). 
17.6.1.16 (CMD 854) Band 3 Low Vol tage  On ----- 
Execut ion  of  t h e  Band 3 Low Vol tage  OR command (BD30N) a p p l i e s  4-19 VDC t o  t h e  
Band 3 +15 VDC r e g u l e t o r ,  which s u p p l i e s  power t o  t h e  &nd 3 Video Pre- 
a m p l i f i e r s  and PMT Buf fe r  Ampl i f i e r s .  B D 3 0 N  sets r e l a y  K18 ( s e e  F igu re  17.6-3). 
17.6.1.17 (CMD 717) Band 4 L o w  Vol tage  On 
Execut ion  of t h e  Band 4 Low Vol tage  on cmmand (BD4ON) a p p l i e s  +19 VDC t o  t h e  
Band 4 +15 VDC r e g u l a t o r ,  which s u p l i e s  power t o  t h e  Band 4 Silicon Diode 
Detector,-DC r e s t o r e  c i r c u i t s  and EuEfer A m p l i f i e r s -  “R40N se t3  r d a y  L19 (see 
Flgure  1 7  .e-?). 
-----I
17.6.1.18 (CR4D 826)  Bands 1 through 4 O f f  
Execut ion  of t h e  Bands 1 through 4 O E f  cornulilrid (BdlX4Or’F) removes +19 VDC power 
---- 
from t h e  f o u r  215 VDC r e g u l a t o r s  powering v ideo  a m p l i f i e r s  i n  r e e p e c t i v e  bands. 
BDlX40FF resets r e l a y s  K16, K17, K 1 8  and K19 ( s e e  F igu re  17.6-3). 
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F i g u r e  17.6-3. Band LV CEO CKT's 
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17.6.1.19 (CHD 721) Band 1 Gain 
Execu t ion  o f  t h e  Band 1 High Gain command (BDlHIGN)  increases Band 1 PMT 
Ampl i f i e r  g a i n  by a f a c t o r  o f  3 .  
17.6.1.20 
Execut ion  of t h e  Band 2 High Gain cormand (BDXHIGN) increases Band 2 PNT Buzfer  
Ampl i f i e r  gsfn  by a f a c t o r  of 3.  
17.6.1.21 (CMD 742) Bands 1 and 2 Low Gain 
Execut ion  of t h e  Bands 1 and 2 Low Gain command (BD12LOGN) r e t u r n s  Band8 1 and 2 
PM: Buffer  Ampl i f i e r s  t o  t h e  nominal (Low) Gain mode. BD12LOGN resets r e l a y s  
K.20 and K21 (see F i g u r e  17.6-4) I 
17 .6 .1 .22 (MD 719) Rota t ing  S h u t t e r  
Execut ion  of t h e  Rotary  S h u t t e r  on comand  (SKDROW) eoab iee  t h e  r o t a t d n g  s h a t t e r  
motor b r i d g e  d r i v e r s .  
17 .6 .1 .23  
Execut ion  of  t h e  Ro ta t ing  S h u t t e r  Off command (SHDROFF) d i s a b l e s  t h e  r o t a t i n g  
s h u t t e r  motor b r i d g e  d r i v e r s .  
17.6.1.24 (CMD 727) S h u t t e r  Monitor Source A On, B Off 
Execut ion  of t h e  S h u t t e r  Monitor  Source A On, B Off command (SHMONAON) a p p l i e s  
c o n s t a n t  c u r r e n t  power d e r i v e d  from t h e  9 w)C supply t o  t h e  prime s h u t t e r  
moni tor  LED ( A )  and removes power from t h e  redundant  LED ( B ) .  SEIKONAON sets 
r e l a y  K27 ( s e e  F igu re  17.6-6).  
----- 
Buf fe r  
B D l H I G N  sets r e l a y  K20 (see F i g u r e  17.6-4). 
(CMD 822) Band 2 m h  Gain -- ---- 
BD2HIGN sets  r e l a y  K21 (see F?tgure 17.6-4).  
-------- 
-I_- 
SWDRON sees r e l a y  K22 ( s e e  Figure  17.6-5) 
(W 814) Rota t ing  S h u t t e r  Off -- -
SHDROFF resets r e l a y  K22 ( s e e  F i g u r e  17.6-5).  
--
17.6.1.25 
Execut ion  of t h e  S h u t t e r  Monitor B On, A O f f  command (SHMONBON) a p p l i e s  c o n s t a n t  
c u r r e n t  power d e r i v e d  from t h e  9 VDC 0tlpp3.y to redundant  E!rutter monitor  LED (i3) 
(CMD 739) S h u t t e r  Monitor Source B On, A O f f  -- ---_-  
and renoves power from the prime LED ( A ) .  
17.6-6) .  
SKMONBON resets relay K27 (see Figure  
17 .6 .1 .26  (CMD 856)  Ca1ib ; l t ion  Lamp A On, B Off --- -- 
Execut ion  of t h e  C a l i b r a t i o n  Lamp A On, B Off command (CALMPAON) a p p l i e s  
c o n s t a n t  c u r r e n t  power de r ived  from t h e  +9 VDC supply t o  prime C a l i b r a t i o n  Lamp 
(A)  and removes power from redundant  CAL Lamp (E). CALHPAON sets relays K23 and 
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Figure 17.6-4. Band 1 & 2 G a l ~  CKD CKT 
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1 7  .6.1.27 .-- (CMD - 828 j C a l i b r a t i o n  Lamp E On, _A. OPf 
Execut ion  of t h e  C a l i b r a t i o n  Lamp B On, A O f f  command (CALKPBON) a p p l i e s  
cocs t r tn t  c u r r e n t  power d e r i v e d  from the +9 V X  eupply t o  t h e  redundant  
C a i i b r a t i o n  Lamp (B) and removes power f r o n  t h e  prime CAL Lamp ( A ) .  CALMPBON 
resets r e l a y  K23 and sets r e l a y  K24 (Bee F igure  17.6-7). 
17.6.1.28 
Execut ion  of t h e  C a l i b r a t i o n  Lamps O f f  command (CALMPOFF) removes power from t h e  
(CMD 838) C a l i b r a t i o n  camps o f f  -- - I 
s e l e c t e d  (A or B) C a l i b r a t i o n  Lamp. CALMPOFF resets r e l a y  K24 (see F igure  
17.6-7). 
17.6.1.29 
Execut icn  O F  t h e  Scan Monitor Source A On, B Off command (SCMOMAON) a p p l i e s  
c m s t a n t  c u r r e n t  power d e r i v e d  from t h e  -1.9 VDC supply  t o  t h e  prime scan Monitor 
LED (I.) and ?moves  powcr from t h e  redundant  LED (B). SCbDNAON se ts  r e l a y  K26 
( s e e  F igu re  17 -6-6) .  
(CMD 731) Scan Monitor Sourco- A On, j3gfnf- ---
17.6.1.30 (CEID 733) Scan Xonitor  S G U ~ C ~  I3 On, A O f f  
ExeeuEion of  t h e  Scan Monitcir Source B O K ,  A O f f  c n L 4 m n d  (SCI4Gk'EON) a p p l i e s  
cons i an t  c u r r e n t  p w e r  de r ived  from t h e  4-9 VDC supply  t o  t h e  redundant  scaLp. 
Monitor LED (B) and removes power from LED ( A ) .  SCMONBON resets r e l i y  K26 ( s e e  
F igc re  17.6-6). 
17.6.1.31 (CMD 707) Scan Monitor Off 
Execut ion  of ,:he Scnn Monitor  Off command (SCNONOFF) removes power from t h e  Scan 
KmiLor  P u l s e  (SM) Ampl i f ie r  and enah le s  m u l t i p l e x e r  l c g i c  t o  g e n e r a t e  a 
s u b s t i t u t e  Ssan Mcnitor  Pu l se  a t  t h e  nominal l i n e  s t a r t  t i m e .  Only t h e  l i n e  
s t a r t  code ,  no end of l i n e  or midscan code is a v a i l a b l e  under  t h i s  cond i t ion .  
SCMNOFF resets r e l a y  K25, which i n  t u r n  de-energ izes  non-latching r e l a y  K30 
( s e e  F igu re  17.6-8)' 
---
--- -
17.6.1.32 (CMD 836) Mul t ip l exe r  Compression 
Execut ion of t h e  M v l t i p l e x e r  Co:Lpression command (MUXCOMP) causes  Band '1, 2 and 
3 MSS Video d a t a  t o  Et? sampled f rom LogariChhuLic AmDfifiers f n  the WX. before kfD 
convers ion  (Enndu 1 to  3 )  t o  l i n e a r  o p e r a t i o n  by pas s ing  t h e  Logar i thmic  
Ampltfiers. PGXCOMP se ts  relay K32 ( s e e  Figure  17"6-9). 
I_ -- 
17.6.1.33 (CNu 7 5 9 )  Mul t ip l exe r  L inea r  
Execut ion  oi t h e  Mul t ip l exe r  L1no;r command (MUXLIN) swiLches MlJX d a t a  
convers ion  (Bands 1 t o  3 )  t o  l i n e a r  operat lor ;  hv pas s ing  t h e  Logar i thmic  
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( W D  755)  MIDSCAN CODE ON 
__II --
Execution of t h e  M1DSC.U Coda on command (#SCOW) c~puada the M ~ l t € p l a ~ r  to 
inaart MIDSCAN code i n  thr4 v ideo  dnta str(9am i n  rbdlponb(P to Sc n Pfonitor Pulfie 
8 2 .  Tha MS code pro-ernpta 2000 words o f  video (data) i n  the serial data stream 
and coiirirta o f  100 black ( m r o  l a v e l )  words Followed by 100 white (maturated 
l e v e l )  uordr S Y  l n  the? and-of-line code. MSCXN S B ~ P I  rsley 231 (acso Figure 
17.6-10). 
17.6.1.35 
Execution of the Pfidacan Code O f f  c~wmnd (MSCOFF) Inliibitar the mtlftiplexer 
response t o  t h e  Midracan Monitor Pulse Q? such that  no Hidecan Coda t a  generated. 
MSLZZFF resets  relay R 3 1  (see Figure 17 .6-10) .  
(CMU 8 4 2  MIDSCAN CODE OFF - -__I_-- 
SVS-4026 6 
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Figure  17.6-11. Mode Launch/Operate CMD CKTs (See also F i g u r e  17.6-8) 
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3.  MSS POWER DISABLE (DISMSS) 
Execut ion  of t h e  "MSS POWER DISABLE" commnnd (DISMSS) d i s c o n n e c t s  bo th  
C28 VDC payload Bus A and +28 VDC pnyloud Bus B power from t h e  A 
and B loads  ( s e e  Paragraph  11.6). The r e l a y s  a c t i v a t e d  by t h i s  
command are albo a c t i v a t e d  by t h e  "Payloads Off" command and are! 
a u t o m a t i c a l l y  a c t i v a t e d  when t h e  FS e n t e r s  t h e  "safehold"  mode. 
MSS 
4. DPU WLL ON (DPUON) 
Execut ion  of  t h e  "DPU FULL ON" command (DPUON) e n e r g i z e s  t h e  DPU 
which, i n  t u r n ,  g e n e r a t e s  time code and r e l a t e d  f o m t  i d e n t i f i e r s  for 
s t r o b i n g  i n t o  t h e  MSS Mul t ip l exe r .  
5 .  DPU STANDBY (DPUSBY) 
Execut ion of t h e  "DPU STM?D3Y" command (DPUSBY) disables DPU 
g e n e r a t i o n  of  time coded and related Earnat f d e n t i f t e r s .  
6. HSS INTERFACE UEATER 13 ENABLE (EPSSHTRB) 
Execut ion  o f  t h e  "MSS INTERFACE HEATER El ENABLF" command (EPisSKTtIB) 
a p p l i e s  e i t h e r  or  both  +28 VDC Bus A and +26 VDC Bus I3 through a 4 a s p  
f x s e  t o  t h e  MSS I n t e r f a c e  B h e a t e r s  l oca t ed  on t h e  MSS suppor t  
s t r u c t u r e  o f  t h e  IF! (See Paragraph  1 l . G ) .  
7. MSS INTERFACE HE.4YER B DISABLE (DMSSHTRB) 
Execut ion  of t h e  "MSS INTERFACE HEATER B DISABLE" command (DMSSHTRB) 
d i s c o n n e c t s  bo th  4-28 VDC Bus A and 4-20 VDC Bus B power from t h e  MSS 
I n t e r f a c e  B h e a t e r s  (See Paragraph  11.6). 
17.6.1.39 SCCU/MSS Commands 
The fo l lowing  commands t o  t h e  S p a c e c r a f t  Command a& Condi t ion ing  Uni t  (SCCU) 
c o n t r o l  t he  power t o  and the rmos ta t  bypass  of t h e  MSS suppor t  s t r u c t u r e  28 mtt  
h e a t e r  on the  I M :  
1. NSS ZhTERFACE PRIF'ARY HEATER A EEAELC (PSSHAEIEk) 
Execut ion of t h e  "NSS INTERFACE PRIMARY HEATER A ENABLE" command 
(MSHAEN) a p p l i e s  +28 VDC bcs  ( A  o r  B) power t o  the MSS I / F  primary 






5 .  
6 .  
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MSS INTERFACE PRIMARY HEATER D1SAX.E (MSWX) 
E x e c u t i o n  of t h e  " H S S  INTERFACE PRLElhRY HUTER A DISABLE" command 
( M S W X )  removes 4-28 VDC b u s  (A  :nd B) power from t h e  PlSS X/F PRI 
HEATERS ( S e e  P a r a g r a p h  8.6). 
MSS XNTERk ACE REDUNDANT HEATER ENABLE (MSHBEN) 
E x e c u t i o n  of t h e  "MSS XNTERFACE REDUNDANT HEATER A ENABLE" command 
(MSHBEN) 928 VDC Bus ( A  o r  B) power t o  t h e  MSS I/F REDUNDANT 
HEATER A v i a  t h e  SCCU h e a t e r  module ( B  s i d e )  (see P a r a g r a p h  8.6). 
MSS INTERFACE REDIJNDNJT HEATER DISABLE (MSNBDX) 
E x e c u t i o n  of t h e  "MSS INTERFACE REDUNDANT HFATER A DISABLE" cnmmnd 
(MSHSDI) the 28 VDC Bus { A  and E) power from the KSS I / F  
r e d u n d a n t  A h e a t e r s  (sea  Paragraph 8 . 6 ) .  
MSS INTERFACE HEATER THERMOSTAT BYPASS (K5TIiEY> 
Execue ion  o f  t h o  "HSS INTERFACE HEATER THERMOSTAT BYPASS" coamand 
(MSTHBY) s h u n t s  t h e  PfSS I / F  HEATZR A m e c h a n i c a l  t h e r m o s t a t  f o r  t h e  MSS 
p r f r m r y  and  r e d u n d a n t  A h e a t e r s  (see P a r a g r a p h  8.6). 
MSS INTERFACE HEATER THERMCSTAT ENABLE (MSTHEN) 
E x e c u t i o n  of the "MSS INTERFACE HEATER THERMOSTAT ENABLE" command 
(MSTWEN) opens t h e  MSS L/F HEATER A m e c h a n i c a l  t h e r m o s t a t  bypass  t o  
t h e  MSS p r i m a r y  and  r e d u n d a n t  A h e a t e r s  (see P a r a g r a p h  8.6). 
a p p l i e s  
d i e c o n n e c t s  
COMHAN D S EQ UE NCE S 
17.6.2.1 MSS Prime ( A )  C o n f i g u r e t i o n  Sequence  --- 
T h i s  s e q u e n c e  c o n f i g u r e s  t h e  MSS and r e l a t e d  PDU power i n p u t  € o r  P r imary  {System 
A) o p e r a t i o n  b u t  d o c s  n o t  t u r n  ehe s u b s y s t e m  on. STUL p r o c e d u r e  "PROC MSSPRLME" 
c o n t a i n s  t h i s  command s e q u e n c e  and r e l a t e d  s t a t u s  veriticacfon. 
CMD No. Ac r o n p  F u n c t i o n  -- 
7 , 5 3  
6 , 3 3  
6 , 0 3  
8 . 3 2  
8 . 4 2  
8 . 3 6  
7 , 1 9  





MSS , pts CUFF 
MSS, MUXCOMP 
MSS , SHDRON 
MSS , BD1 ?LOG N 
SYSTEM POWER OFF 
DISABLE MSS POWER (ACE)  
ENABLE MSS A POWER 
OPERATE MODE 
MID SCAN CODE OFF 
MUX COKPRESSION MOUE 
ROTATlNG SHUTTER D R I V E R  ON 












MSS , B D l O N  
MSS,EDZON 
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BAND 1 LOW VOLTAGE ON 
RAND 2 LOU VOLTAGE ON 
BAND 3 LOW VOLTAGE ON 
BAND 4 VOLTkGE ON 
BAND 2 IN A ON, HV B OFF 
BAND 2 W A ON, W B OFF 
EIAKD 3 IN A ON, ‘t!V B OFF 
SHUTTER PTDNXTOR SOURCE A O N ,  B OFF 
CALIBRATION W A ON, B OFF 
SCAN PDNITOR SOURCE A OW, E OFF 
17.6.2.2 E Redundant Configuration Scquorrca 
This sequence configures the MSS and r e l a t e d  PDU power input  for  Redundant 
(System B) operation but does not turn t h e  subsystem on. SML procedure “PBOC 
MSSREDUM” contains  titis commqnd aeqsonce and related atstua verlkicatton. 
7 , 5 3  
6,33 
6 , 0 3  
a,32 
a,42 
8 , 3 6  
7,19 





7 , 3 5  
8 , 4 3  
7 , 3 9  
7,39 
8,28  
7 , 3 3  
MSS,SYSOFF 




NS S , S HDRON 
MSS , BDl2LOCN 
MSS,BDlON 
MSS , BDZON 
MSS B D 3 0 N  




MSS, S M N B O N  
MSS ,CALMPBON 
MSS, SCMONB3N 
MSS , MuxcoMP 
SYSTEH POKER OF? 
DESk2LF. MSS f D M X R  ( h & E )  
ENA3LE i G S  B POWER 
OPERA’iX FEODE 
H D  SCAN CODE OFF 
NUX COWRESSHQN HODE 
ROTATING SHUTTER DRIVER ON 
BANDS 1 & 2 LOW C A I N  
SAND 1 ISOW VOLTAGE ON 
BAND 2 LOW VOLTAGE O N  
BAND 3 LOU VC%TAGE ON 
BAUD 4 VOLTAGE ON 
BAND 1 KV B OB, HV A OFF 
BAND 2 IN B OH, HV A OFF 
BAND 3 HV 15 W, HV A OFF 
SWTTER tmi)NITOR SOJJXCE B ON, A OFF 
CALIBRATION l.&@ B ON, A OFF 
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17.6.2.3 MSS Prime (A)  Turn-On Sequence --- 
The f o l l o w i n g  sequence  t u r n s  t h e  MSS On f o r  o p e r a t i o n  w i n g  its primary power 
supply  nunber 1. This sequence is normally used a f t e r  the MSS has  been 
conf igu red  i n  its PRIME (A) mode pe r  Pa rag raph  17.6.2.1 above. The KSS A power 
Dust be enabled  i n  t h e  PDU p r i o r  t o  t r a n s m i t t i n g  t h i s  sequence i n  o r d e r  t o  
e n e r g i z e  MSS primary power supp ly  number 1. 
CMD No. Acronym -- Funct ion  
7,Ol 
8,58 MSS,HVON SYSTEM HIGH VOLTAGE ON 
MS S , SY S AON SYSTEM A POWER ON 
17.6.2.4 MSS Redundant ( B )  - - Turn-On Sequence 
The folZowing sequence tu rna  the  MSS on for operarf.on using I t s  p r i a * ~ y  power 
supply  number 2 .  ThLs sequence is normally used ~ f t s ~  the PISS has Seen 
conf igured  i n  i ts  Redundant (B)  modo p e r  Puragragk 17.6.2.2 above. The E S S  R 
power must be enabled  La t h e  PDU prior to t r a n s m i t t i n g  t h l s  sequence! i n  o rde r  t o  
e n e r g i z e  MSS primary power supply nrriabbcr 2. 
CMD NO. Acronym -- - Funct ion  _I- 
a ,62 MSS,SYSBON SYSTEM B POWER O N  
a ,5a MSS,HVON SYSTEM HIGH VOLTAGE ON 
17.6.2.5 MSS F u l l  Off Sequence 
The fo l lowing  command sequence c o n f i g u r e s  t h e  MSS such t h a t  a l l  cornmindable 
power f u n c t i o n s  are d i s a b l e d  and a l l  power independent  select f u n c t i o n s  are set 
t o  t h e  Priffie ( A )  s ta te .  Th i s  sequence w i l l  normally be inc luded  as the i n i t i a l  
part  of t h e  launch  mode command sequence.  S T O L  procedure “PROC MSSFULOF” 
c o n t a i n s  t h i s  command sequence and reia ted  MSS s t a t u s  v e r i f i c a t i o n .  
---




7 , 2 3  
7 , 4 3  






7 , 3 1  
Acronym 
/HSS ,SYSOFF 
/MSS , M ~ D E L N C H  
/MSS,BD~HVOFF 




/HS 5, SIiDDROF F 




Func t Ion 
SYSTEM POKER OFF 
LAUNCH KODE (HUX OFF, EiCCil I N N I B I T E L ) )  
BAND 1 HIGH VOLTAGE OFF 
’3ANT3 ‘2 HIGH VOLTAGE OFF 
BAND 3 IlZGIi VOLTAGE O F F  
BANDS 1 ti 2 LOW G A I N  
BANDS 1 THRU 4 LOW VOLTAGE OFF 
ROTATING SHUTTER D R I V E R  OFF 
ShTTTER WNITOX SOURCE A ON. I3 OFF 
CALIBRATION LAiQ A O K ,  5 OFF 
CALIBRATION LAN’ OFF 
SCAN HONITOR SOURCE A O N ,  B OFF 
LSD-WC-263 
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7,07 /MSS,SCHONOPF sclw MOrnTOR OPP 
8,42 /MS s , MS COFF MIDSCAN CODE OFF 
8 ,36  /MS s , ~WXCOPIP l4UX COMPRESSION MODE 
6,33  /PDU,DISBS D I S A B L E  ISS POWR (AbB) 
17.6.2.6 
The fo l lowing  sequence c o n f i g u r e s  t h e  MSS i n  its l aunch  mode sequence w i t h  t h e  
r o t a t i n g  s h u t t e r  o p e r a t i n g  t o  prevent  p o s s i b l e  ge  eo t h e  s h u t t e r  motor 
bea r ings  under  v i b r a t i n g  environments .  T h i s  sequence shall be used  p r i o r  t o  
exposing t h e  MSS t o  v i b r a t i o n ,  shock, a c o u s t i c  and Paunch environments. 
MSS Launch Mode Command Sequence ---
-- CMD No. h&onym Func tim 
PROC MSSFULOF MSS FULL OHP COFJTI'IGL'RATION 
6 , 0 3  PDU J m S S A  EldABLE !GS B P O E R  
7,OL NSS,SYSAO,QN SYSTM A PO%ER ON 
7,19 MSS,SH!!RON P3TATIISG SEEJITTER DRIVER ON 
17 -6 - 3  COMMND CONSTRAINTS 
17.6 .3 .1  Launch Mode/Operatin$ Mode 
The MSS,SYSOFF command should  be t r a n s m i t t e d  p r i o r  t o  t r a n s d t t i n g  the  
MSS,MODEOPER comaand t o  avo id  a p o t e n t i s l  automatkc pohier supply  t u r n  o f f  when 
t h e  MSS i s  conf igured  i n  i ts  launch m d e .  V i o l a t i o a  Of t h i s  c o n s t r a i n t  w i l l  
c ause  no damage to t h e  MSS. 
17 .6 .3 .2  System AjSystem B Power 
The MSS,SYS3FF command s h a l l  be t r a n s m i t t e d  p r i o r  t o  t r a n s m i t t i n g  e i t h e r  
MSS,SYSADN o r  MSS,SYSBOEJ commands and t h e  PDB,DLSMSS command s h a l l  be 
t r a n s m i t t e d  p r i o r  t o  t r a n s m i t t i n g  e i t h e r  P D U , E W % A  o r  PDU,ENMSSB comnunds i n  
o r d e r  t o  prevent  e n e r g i z i n g  bo th  MSS p r i m r y  power s u p p l i e s  s imul taneous ly .  
V i o l a t i o n  of t h i s  c o n s t r a i n t  may damage t h e  MSS. 
17 .6 .3 .3  High Voltaee 
-- 
The MSS,HVON command s h a l l  n o t  be t r a n s m i t t e d  when t h e  MSS i s  exposed t o  
i n t e r m e d i a t e  vacuum environments  between normal a t m 3  h e r i c  p r e s s u r e  and lo-' 
t o r r .  An ou tgass ing  pe r iod  of tern hours  a t  1Q t o r r  or lower  is r equ i r ed  
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17.7 MSS TELEMETRY -
MSS o p e r a t i a n  is monitored in t h e  IM by 70  of 91 a v a i l a b l e  t e l e m e t r y  
The monitored t e l e m e t r y  channels  i n c l u d e  29 b iPeve l  f a n e t i o m ,  11 p a s s i v e  ana log  
f u n c t i o n s  ( t empera tu re  mon i to r s )  and 30 o f  t h e  51 a c t i v e  ana log  f u n c t i o n s  which 
i n c l u d e  one (1) s p a r e  channel .  A l l  MSS t e l eme t ry  channels  are sampled once p e r  
major frame (approximate ly  once every 16 seconds) .  The MSS t e l eme t ry  f u n e t i o n s  
monitored are l i s t e d  I n  Table  17.7-1 and are desc r ibed  i n  Paragraphs  17.7.1 
through 17.7.3. S i m i l a r  d e a c r l p t i o n s  of t h o s e  PDU te l eme t ry  and SCCU f u n c t i o n s  
p e r t i n e n t  t o  MSS o p e r a t i o n  are provided  Xn Paragraphs  17.7.4 and 17.7.5, 
r e s p e c t i v e l y .  L i m i t s  f o r  p a s s i v e  and a c c i v e  ana log  t e l eme t ry  f u n c t i o n s  are g iven  
i n  Table  17.7-2. 
channels .  
17.7.1 MSS BILEVEL TELEMETRY 
The fur ic t ions  in t h e  NSS m n i b o r e d  by b i l a u e l  sta tes  are l f n t e d  i n  Thhlc L7.7-P 
under  user i d e n t i f i c a c i o n  ( I D )  num%rs E'ISS-01 HSS-02, KSS-05 and XSS-O.$. The 
v e r i f i c a t i o n  state0 are provfdcd in Tabla 17.6-1 i n  the Comaand s e c t i c n .  The 
b i l e v e l  t e l eme t ry  n c r o n p s  a r e  coded Z L  t he  sccsnd c h a r a c t e r  t o  d i s t P n g u i s h  
between power otri t c h i n g ,  mode seleeeion snd a l l  o t h e r  fuiic'cions as abolluvs: 




Funct ion  
Power ( o n / o f f )  
Mode S e l e c t i o n  (A/B,  Iiigh/Low, etc ) 
A 1 1  o t h e r s  
Example : MSMUXCL - MUX mode s e l e c t i o n  - compress ion / l inea r  
17.7.1.1 
T h i s  t e l eme t ry  moni tors  t h e  power A ON/OFF s t a t u s  ( s e e  F i g u r e s  17.6-1 and 
17.7-1). A logic "I" i n d i c a t e s  t h e  C21/35 VDC power f r o ?  t h e  s p a c e c r a f t  ZM PDU 
is  a p p l i e d  t o  pr imary power supp ly  No. 1 (PPS-1). A l o g i c  "0" i n i d c a t e s  t h e  
+21/35 VDC power from t h e  s p a c e c r a f t  IM PDU has been removed from PPS-1. The 
HSS power A must be  enabled  i n  t h e  PDU t o  v e r i f y  power is on when t h e  System A 
On command execu te s .  
System Power A Gn/Off (HPSYSX) --- 
17.7 . i .2  System Power B On/Off (MPS'ZSX) 
This  t e l eme t ry  moni tors  t h e  power E On/Off s t a t u s  ( s e e  F i g u r e s  17.6-1 and 
17.7-1). A l o g i c  "1" i n d i c a t e s  t h e  4-21/35 VDC power from t h e  s p a c e c r a f t  I M  PDU 
has  been a p p l i e d  t o  primary power supp ly  No. 2 (PPS-2). A l o g i c  "0" means t h a t  
t h e  +21/35 v o l t s  DC power from t h e  s p a c e c r a f t  I M  PD'J has been removed from 
PPS-2. The MSS power B must be etiabled in t h e  PDU t o  verify power is on when t h e  
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17.7.1.3 Rota t ing  Sh i i t t e r  Dr ive r  On/Off (NPROTSHD) --
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T h i s  t e l e m e t r y  mOnitOKS t h e  s t a t u s  of t h e  R o t a t i n g  S h u t t e r .  See  F igu res  17.6-5 
and 17.7-2. A l o g i c  "1" i n d i c a t e s  t h a t  -24 .5  v o l t s  from t h e  pr imary power 
supply h a s  been app ied  t o  t h e  r o t a t i n g  motor d r i v e  sl;pply. A l o g i c  "0" 
i n d i c a t e s  t h a t  t h e  -24.5 v o l t  i n p u t  has  bean renloved from t h e  r o t a t i n g  s h u t t e r  
w t o t  d r i v e  c i r c u i t .  
17.7.1.4 C a l i b r a t i o n  Lamp Power On/Off (HPCALLP) --
T h i s  t e l e m e t r y  moni tors  t h e  C a l i b r a t i o n  Lamp Power OnJOff s t a t u s  (see Figures  
17.6-7 and 17.7-3). A l o g i c  "1" i n d i c a t e s  t h a t  +9 VDC from t h e  rad iometer  power 
supply  has  been a p p l i e d  to  t h e  c a l i b r a t i o n  lamp d r i v e r .  A l o g i c  "0" i n d i c a t e s  
t h a t  +9 VDC has  been removed from t h e  c a l i b r a t i o n  lamp d r i v e r .  
17.7.1.5 CAL Lsrap A On, B O f f / B  On, A Off (MSCALLP) - - -- -- __I_ 
T h i s  t e l e m e t r y  moni tors  t h e  CAZ. Lamp A/B s t a t u s  (see Figures  17.6-7 and 17.7-2). 
A l o g i c  "I" i n d i c a t e s  t h a t  c a l i b r a t i o n  l a a p  Et has  been s e l e c t e d  and lo@c "0" 
i n d i c a t e s  t h a t  c a l i b r a t i o n  lamp 9 h a s  been s e l e c t e d .  
17.7.1.6 S h u t t e r  Monitor  A On B O f € / B  On, A Off (MSSHRMON) -2I--_--_I ___ 
T h i s  t e l eme t ry  moni tors  t h e  s h u t t e r  moni tor  A / B  s t a t u s  ( s e e  F igu res  17.6-4 and 
17.7-3). A l o g i c  "1" i n d i c a t e s  t h a t  i-9 VDC LED d r i v e  from t h e  rad iometer  supply 
has  been a p p l i e d  t o  LED A and removed from LED B .  A Logic "0" i n d i c a t e s  t h a t  9 
VDC LED d r i v e  has  been a p p l i e d  t o  LED B and removed from LED A .  
17.7.1.7 Scan Monitor  A On, B O € f / B  O n  A Of€ (MSSCWON) 
T h i s  t e l eme t ry  moni tors  t h e  scan  monitor  sou rce  A/B s t a t u s  (see F igures  17.6-6 
and 17.7-4) .  A logic 1 i n d i c a t e s  t h a t  C9 VDC LED d r i v e  froln t h e  rad iometer  
supp ly  i s  a p p l i e d  t o  t b e  s c a n  m n i t o r  sou rce  A .  A l o g i c  "0" i n d i c a t e s  t h a t  i-9 
VDC LED d r i v e  i s  a p p l i e d  t o  source  B and removed from source  A .  
- -- -- - ---
17.7.1.8 Scan Mir ro r  I n h i b i t e d / N o m a l  (KSSCMRIN) 
This telezetry monitors  t h e  NODE OPERh'?.'E/Y!.lfDE LAUNCH status ( s z e  Ftgures  17,6-11 
and 17.7-5) .  A l o g i c  "1" removes the -27 VIjC r egu lzeed  ou tpu t  from Lhc scan 
m i r r o r  r e g u l a t o r .  A logic "0" provides  a -27 VDC r egu la t ed  ou tpu t  from the  scan  
m i r r o r  r e g u l a t o r .  
-_I_--- 
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C I R C U I T  A P P L I E S  T O  T H E  F O L L O N N G  FUNCTIONS: 
MPROT SHD MSSHKMON 
Figure 17 .7-2 .  Shutter Monitor Telemetry Circu i t  
R 22:: 
e 3- TLM 
+ 28 VDC o - - p  




C I R C U I T  A P P L I E S  TO T H E  FOLLOWI?.IG FUNCTIONS: 
M P C A L L P  K S C A L L ?  
Figure 17.7-3. CAL Lamp Teleccetry Circu i t  
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A /ON 
.p. 
22K + 24.5 VDC 
V d  
B/OiJ 
d/. CIRCUIT APPLIES TO THE F3LLCYI)iG FUNCTICN: 
E.l S SCN iiir?4 
Figure 17.7-4. Scan Monitor Telemetry Circuit 
I N H I  B I T  
(LAUNCH) 
+2EV S I - L E V E L  
TLM PYR 
1 5 X  
C I R C U I T  APPLIES TO THE FOLLOWING FJNCTION: 
MXSCMRIN 
Figure 17.7-5.  Scan Mirror I n h i b i t f N o m a l  TLM C i r c u i t  
ISD-kTC-263 
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17 -7.1 ' 9  Scan Ftonf eor On/OPf (HPSCNPfON) 
T h i s  teltsm@try nronitors t h e  SCAN MONITOR OprlOFF s t a t u e  (see Figures  17.6-8 and 
17.7-6). A l o g i c  "1" i n d i c a t e s  t h a t  -10 VDC from t h e  r e d i  car power supp ly  is 
a p p l a i d  t o  t h e  s c a n  moni tor  -6 VDC r e g u l a t o r  which t u r n s  t h e  scan moni tor  on. A 
l o g i c  "0" i n d i c a t s  that  -10 VDC fraa t h e  r t i d i o m c e r  supply  has been r e w v e d  from 
t h e  -6 VDC r e g u l a t o r ,  t u r n i n g  t h e  scan monitor o f f .  
-
17.7.1.10 M u l t i p l e x e r  O n / O f f  (MRIUX) 
Thf 8 t e l e m e t r y  moni tore t h e  m u l t i p l e x e r  ON/OPF (Mode O p e r a t e h o d s  Launch) s t a t u s  
(see F i g u r e s  17.6-11 and 17.7-7). A Logic "1" i n d i c e t e a  t h a t  -24.5 VDC from t h e  
primary power supp ly  hse been a p p l i e d  t o  t h o  KUX DC/DC c o n v e r t e r ,  t u r n i s q  t h e  
m u l t i p l e x e r  on. A l o g i c  "0" i n d i c a t e s  t h a t  -24 .5  VDC tias bean r e a w e d  from t h e  
m u l t i p l e x e r  DC/DC c o n v e r t e r .  
This t e l e a e t r y  mn i tocs  t h e  SYSTEY Pgk'i~R .%/a s t a t u e  fin the  s c a n  mirror (see 
Figures  17.6-1 and 1 7 . 7 - 8 ) .  A iog fc  "k" i n d i c a t e s  t h a t  -30 V X  ling? 1 hae nat 
been g e l e c t e d  A S  the  voltage source f o r  the ~ c 8 . n  mirror d r i w  c i ~ c ~ f r - r y .  A 
logic "0" i n d i c a t e s  that -30 VDG line 1 h a s  been s e l e c t e d  LPY t h e  voltcage s o u r c e  
for t h e  s c a n  m i r r o r  d r i v e  c i r c u i t r y .  Th@ i n v e r t e d  logic s t a t u  ( I  - O f f ,  0 - On) 
Is d e r i v e d  by bucking t h e  -30 VDC actan mirror power a g a i n s t  t h e  f u l l  time 
t e l e n e t r y  power (+28 VPC) s u p p l i e d  t o  t h e  MSS whenaver t h e  spacecraft le 
powered. 
17.7.1 . I ?  Scan Mi r ro r  Power Line 2 Cn/Off (MPSCKRLZ) -___----- 
T h i s  t e l e m e t r y  moni tors  the  SYSTM POWER A/B s t a t u e  (see F i g u r e s  17.6-1 and 
17.7-3). A l o g f c  "1" i n d i c a t e s  t h s t  -30 VDC l i n e  21 haa not  been selectad a8 
t h e  v o l t a g e  source €or the scan mirror d r i v e  c i r c u i t r y .  A l o g i c  0" i n d l c a t e s  
t h a t  -30 VDC l i n e  2 has  been s e l e c t e d  as t h e  voltage source  f o r  t h e  s c a n  m i r r o r  
drfve  c i r c u i t r y .  The i n v e r t e d  l o g i c  s t a t e  ( 1  * Off, 0 - O n )  i s  de rv ied  ln t h e  
lame aunneir as d e s c r i b e d  i n  17.7.1.11 above. 
17.7.1.13 Scan Mir ro r  Power On/Off (MPSCXR) 
~ I_I ---- ___ 
T h f s  telemetry moni tors  t h e   can mirror pcider Liur nnd d e t e c t @  the prcsenccf o f  
the  - 3 0  VDC scan mirror power (sce Figiiree 17.6-1 and 17.7-83 .  A logic " I "  
i i idlcateti  t h t i t  no v o l t a g e  is on t h e  scan  mirror power l i n e .  A l o g i c  "0" 
indiccrtes t h a t  -30 V D C  is present  on the power line. The i n v e r t e d  log ic  s t a t e  
(1  a O f f .  0 On) is tierived t n  the sa= w n n e r  as d e s c r i b e d  i n  17.7.1.11 above. 
LSD-kT'C-2b3 
11-55 
ON -lOVOCo_, 4 
PWR e ,-* nn 
CIRCUIT APPLIES TO THE FOLtOWIXG FUNCTION: 
MP SCNF!CN 
F igu re  17.7-6. Scan Monitor On/Of€ 
1. MUX ON 
2. MUX COPPRESSED 
3. MIDSCAN ON 
F i g u r e  1 7 . 7 - 7 .  KOX/ScBnner Control TLSl Ci r c u i  t: 
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17.7.1.14 Mul t ip l exe r  CompressedlLinear -- (MSMUXCL) 
T h i s  t e l emt ry  moni tors  t h e  MULTIPLEXER COMPRESSED/LINEAR mode s t a t u e  (see F i g u r e  
17.7-7 and 17.6-9). A logic "1" i n d i c a t e s  t h a t  +5 VDC from t h e  m u l t i p l e x e r  DC 
t o  DC c o n v e r t e r  has  been a p p l i e d  t o  t h e  ana log  m u l t i p l e x e r  caus ing  t h e  f o u r  
s e g e n t ,  non- l inear  a m p l i f i e r  o u t p u t s  t o  k s e l e c t e d  f o r  s m p l i n g  by t h e  ana log  
m u l t i p l e x e r  t o  e f f e c t  t h e  q u a s i  l o g a r i t h d c  compression mode i n  bands 1, 2 and 
3 *  A l c g i c  "0" i n d l c a t e a  thc l i n e a r  a m p l i f i e r  ou tpuzs  have been s e l e c t e d  for 
sampling i n  t h e s e  bands. Band 4 d a t a  is o n l y  sampled from a l inear a m p l i f i e r  
o u t p u t .  
17.7.1.15 Midscan Code OfffOn (MSFPSCODE) 
T h i s  moni tors  t h e  MIDSCAN CODE OFF/ON s t a t u s  (see F i g u r e  17.6-10 and 
17.7-7). A l o g i c  "1" i n d i c a t e s  t h a t  +5 VDC from t h e  m l t i p l e x e r  DC/DC c o n v e r t e r  
h a s  been a p p l i e d  t o  t h e  a p p r o p r i a t e  i n p u t  g a t e  of the m u l t i p l e x e r  prearzbble and 
sync code g e n e r a t o r  t o  i n h i b i t  rddscan  code g e n e r a t i o n  i n  r e sponse  t o  t h e  
midscan nrordtor p u l s e  from the scanne r .  h logic "0" i n d i c a t e s  t h a t  t h i s  i n p u t  
g a t e  o f  t h e  m u l t i p l e x e r  preamble and sync  code gene ra to r  has been grounded 
caus fng  t h e  m u l t i p l e x e r  t o  insert. t h e  nic"rscan code in the v ideo  d a t a  i n  response 
t o  t h e  ml.dscan moni tor  p u l s e  ( S K p I I 2 )  froin tihe scanne r .  
17.7.1.16 
Th i s  t e l eme t ry  moni tors  t h e  BAND 1 HIGHILOW G A I N  s t a t u s  ( see  Figures  17.6-4 and 
17.7-8). A l o g i c  "1" i n d i c a t e s  t h a t  -15 VW: h a s  been a p p l i e d  t o  t h e  Band 1 FET 
i n  t h e  PhT b u f f e r ,  caus ing  t h e  FET t o  open f o r  a h i g h  g a i n  ou tpu t .  A l o g i c  "0" 
i n d i c a t e s  t h a t  +15 VDC has been a p p l i e d  t o  t h e  Band 1 FET, caus ing  t h e  FET t o  
s h o r t  o u t  t h e  feedback r e s i s t o r ,  reducing  t h e  g a i n  ou tpu t  of Band 1 by a f a c t o r  
of 3 .  
-- 
t e l e m e t r y  
Band 1 Gafn High/Low (MSBDLGHL) -- .-- 
17.7 -1.17 Band 2 Gain High/Low (3SBDZGBL) --- 
T h i s  t e l eme t ry  moni tor  is i d e n t i c a l  t o  Band 1 Gain High/Low p e r  17.7.1.16 above 
( s u b s t i t u t e  Band 2 Cor Band 1 i n  t h e  d e s c r i p t i o n ) .  
17.7.1.18 Band 1 L m  Voltage On/OEf (MPBDILY) 
T h i s  t e l e m e t r y  moni tors  t h e  Band 1 Low V o l t t g e  On/Off, Sands 1 t o  4 s t a t u s  (see 
Figures  17.6-3 and 17.7-10). A logic "I" i n d i c a t e s  t h a t  - +19 VDC from t h c  
r ad iomete r  power supply  has been a p p l i e d  t o  t h e  Band 1 +I5 v o l t  k 
l o g i c  "0" i n d i c a t e s  t b o t  t h e  4-19 VDC from t h e  rad iometer  supply  has  been rercovect 
from t h e  215 V r e g u l a t o r s ,  p reven t ing  band 1 signal a m p l i f i c a t i o n .  
r e g u l a t o r s .  
17.7.1.19 Band 2 Low Voltage 9n/0f f  (MPBDZLV) --- -- 
T h i s  t e l eme t ry  monitor  i s  i d e n t i c a l  t o  Eand 1 Low Voltege On/Off p e r  17.7.1.18 
above ( s u b s t i t u t e  Band 2 f o r  Band 1 i n  t h e  d e s c r i p t i o n ) .  
LSD-VPC-2 b 3 
1 7  -58 
28 VDC 
TLM PWR 
c IRCI) I: 
OR!GINAL PAGE 
OF PO02 QUAL1 
HI 
h 
Figure 17.7-9.  Band I, 2 Gain Ri./Lo TLM Circuit. 
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17.7.1.20 Band 7 Low Vol tage  On/Off (MPBC3l.V) --- 
This t e l e m e t r y  moni tor  is i d e n t i c a l  t o  Band 1 Low Voltr.ge On/Off 
above ( s u b s t i t u t e  Band 3 f o r  Band. 1 in t h e  d e s c r i p t i o n ) .  
17.7.1.21 
This 
abo..e ( s u b s t i t u t e  Band 4 f o r  Band 1 in t h e  d e s c r i p t i o n ) .  
p e r  17.7.1.18 
Band 4 Low Vol tage  Gn/Off (MPRDZLV) --- ---- 
t e l e m e t r y  moni tor  is i d e n t i c a l  t o  Band 1 Low Vot lage  On/Off p e r  17.7.1.18 
17.7.1.22 High Vol tage  On/Off (NPSPSRCI) 
This  t e l e m e t r y  mon i to r s  t h e  HIGH VOLTAGE ON/OFF s t a t u s  (see F i g u r e s  17.6-2 and 
17.7-11). A l o g i c  1 i n d i c a t e s  t h a t  42 VAC from chr r ad iomete r  supp ly  14 a p p l i e d  
t o  s e l e c t e d  Band 1 through Bsnd 3 high  vol tagz p m e r  s u p p l i e s .  ane a: t h c  
redundant  ( A  o r  B) MSS h i &  VOlt3ge power supp.LFeo in each  o€  tire k n d a  i l - 3 )  
must be  enabled  i n  o r d e r  Eo opszate, k Logic '"0" indFcaEed timi 42 V h C  1s not 
a p p l i e d  t o  the Band 1 throngh 3 high voltzge poGier s u p p l i e s .  
1 7 . 7 . 1 . 2 3  Band 1 High V o l t ~ g e  A O n / O f f  ( ! + P R D l W A )  
T h i s  t e l e m e t r y  mon i to r s  t h e  Band 1 HIGH VOLTAGE A ON/9FF & t a t u s  (see F igure  
11.6-2 and i7.7-12). A l o g i c  "I" i n d i c a t e s  t h a t  h igh  vo l t age  powzr su2p ly  A has 
bef:n s e l e c t e d  t o  r e c e i v e  4 2  VAC from t h e  r ad iomete r  power supply  assuming system 
high  v o l t a g e  i s  on. A l o g i c  "0" i n d i c a t e s  t h d t  h igh  v o l t a g e  supp ly  A hae  not 
been s e l e c t e d  t o  r e c e i v e  4 2  t7AC i n  B a n d  1.. 
I- - _A_ - - I__ -__.____-- 
17.7.1.24 
T h i s  t e l e m e t r y  moni tors  t he  Band 2 ETCH VOLTACF B ON/'OFF s t a t u s  ( s e e  Figures  
17.6-2 and 17.7-12). A l o g i c  "1" i n d i c a t e s  t h a t  h igh  v o l t a g e  supp ly  B has  been 
s e l e c t e d  t o  r e c e i v e  4 2  VAC from t h e  r ad iomete r  supply  assuming s y s t e m  h igh  
v o l t a g e  i s  on. A l o g i c  "0" i n d i c a ~ e s  t h a t  h igh  v o l t a g e  supply  B has  not bezn 
s e l e c t e d  t o  r e c e i v e  4 2  VAC in Band 1. A l o g i c  "0" cGncurren t ly  i n  bozh MPBDl.HV/ 
and M P B D l l i V B  i n d i c i i t e s  Bend 1 h igh  volcagc  i s  o f f .  
17.7.1.25 Rand 2 High V o l t a ~ e  i\ 0n;Off (!.fEBi))2KJtL 
This t e l e n e t r y  moni tors  the Band 2 IIXGti VOLTAGE A 0 1 ; j O F F  s:ntuo { s e e  FigJrc? 
17.6-2 and 17 .7 -12) .  A l o g i c  "1" i n d i c a t e s  t h a t  h i g h  vo l t age  supp ly  A has beon 
s e l e c t e d  t o  r e c e i v e  4 2  VAC frorn t h e  rad iometer  supp:y a s s u d n g  s y s t e m  hi,;ii 
v o l t a g e  fs on.  A l o g i c  "0" indicates t h a t  High Vc1tage supply  A has n o r  bozn 
s e l e c t e d  t o  r e c e i v e  4 2  VAC i n  Sand 2 .  
Bend 2 Hf_gh Vol tage  E On/Off (MPBDLHVB) .--- - -- 
i 
SVS-11026 6 







Figure 17.7-11. Bigh Voltage OniOEf  TLM Circuit 
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17.7.1.26 Band 2 High V o t l q e  B On/Off (MPBB2WB) .- I -- 
T h i s  t e l e m e t r y  moni tors  t he  Band 2 HIGH VOLTAGE B ON/OFF s t a t u s  (see F igures  
17.6-2 and 17.7-12). A l o g i c  "1" i n d i c a t e s  the ;  h igh  v o l t a g e  supply  B has  been 
s e l e c t e d  t o  r e c e i v e  42 VAC from t h e  rad iometer  supp ly  assuming system h igh  
v o l t a g e  is OR. A Logic "0" i n d i c a t e s  t h e  h igh  v o l t a g e  supply  B has  no t  been 
s e l e c t e d  t o  r e c e i v e  42 VAC i n  Band 2. A l o g i c  "0" c o n c u r r e n t l y  i n  bo th  MPI3D2HVA 
and MPBDZHVB i n d i c a t e s  Band 2 h igh  v o l t a g e  is o f f .  
17.7.1.27 Band 3 High Voltage A On/Of€ (MPBD3HV.k) 
T h i s  t e l eme t ry  moni tors  t h e  Band 3 HIGH VOLTAGE A ON/OFF 8 t a t u s  ( s e e  F igu re  
17.6-2 and 17.7-12). A logic "1" i n d i c a t e s  t h a t  h igh  v o l t a g e  supp ly  A hsJ  been 
s e l e c t e d  t o  r e c e i v e  42 VAC from t h e  r ad iomete r  supply  a s s u d n g  system h igh  
v o l t a g e  i s  on. A l o g i c  "0" i n d i c a t e s  t h a t  h igh  v o l t a g e  A has  n o t  been s e l e c t e d  
t o  r e c e i v e  42 VAG i n  Band 3. 
-- -- 
17  -7.1.28 Band -
T h i s  te le inecry moni tors  t he  Eand 3 RIGlX VOLTAGE R ON/OFF S ~ A & U D  ( s e e  Ffgure  
17.6-2 and 17.7-12). h l o g i c  "1" i n d i c t i t e s  t h a t  h igh  voltage suppLy B has been 
s e l e c t e d  t o  r e c e i v e  42 VAC from t h c  r a d f o m t e r  nupply a s s u d n g  s y s t e m  h i g h  
v o l t a g e  i s  on. A l o g i c  "0" i n d i c a t e s  t h a t  h i g h  vo l t age  supp ly  B has  not  been 
s e l e c t e d  t o  r e c e i v e  47. VAC i n  Band 3. A l o g i c  "C" c o n c u r r e n t l y  i n  bo th  kPBD3HVA 
and MPBD3kNB i n d i c a t e s  Band 3 high vo l t age  is o f f .  
17.7.1.29 S h u t t e r  Ro ta t ing  Yes/No (MXSIIRROT) 
T h i s  t e l e m e t r y  monitore  the  presence  o r  absence  of t h e  s h u t t e r  sync s i g n a l s  from 
t h e  s h u t t e r  monitor  p r e a m p l i f i e r  (see F igure  17.7-13). A l o g i c  "I" i n d i c a t e s  
t h a t  t h e  s h u t t e r  motor is r o t a t i n g  and s h u t t e r  sync  s i g n a l s  are gene ra t ed .  A 
l o g i c  "0"  i n d i c a t e s  t h a t  t h e  shu t t e rmoto r  is not  r o t a t i n g  and no s h u t t e r  sync  
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17.7.2 PASSIVE ANALOG TELEMETRY 
The f o l l o w i n g  p a s s i v e  t e l e m e t r y  f u n c t i o n s  mon i to r  t empera tu res  i n  t h e  MSS. 
F i g u r e  17.7-14 shows t h e  d e r i v a t i o n  c i r c u i t  t y p i c a l  o f  each f u n c t i o n .  Note t h a t  
the c i r c u i t  is  provided f o r  i n f o r m a t i o n  only;  it is supe r seded  by t h e  exact 
c i r c u i t  on t h e  a p p r o p r i a t e  e n g i n e e r i n g  drawing. 
SCM MIRROR REGULATOR TEMP 
SCAN MIRROR ELECTRONICS TEMP 
SCAN MIRROR COIL TEMP 
SCAN MIRROR HOUSING TEMP 
MUX TEMP 
PWR SUPPLY TEMP (RADIOMETER) 
ELECTRONICS COVER TEMP (RADIOMETER) 
PRIMARY POWER SUPPLY 1 TEMP 
PRIMARY POWER SUPPLY 2 TEKP 
FIBER OPTICS TEM? 1 












A l l  p n s s i v e  a n a l o g  t e l e m e t r y  f u n c t i o n s  i n  the MSS a t e  terriperature 1mnitora .  The 
t empera tu res  are monitored u s i n g  t h e  1 m a  s t r o b e s  from t h e  RIU faro thernnictora 
(4K ohm a t  2SoC).  The p a r a l l e l  8.06K r e s i s t o r  s e r v e s  t o  l i n e a r i z e  t h e  
t h e m i s t o r  c h a r a c t e r i s t i c  w i t h i n  t h e  0 t o  5 v o l t  telemetry readou t  v o l t a g e  
range - t empera tu re  t e l e m e t r y  c a l i b r a t i o n  cu rve  is g i v e n  i n  Apperidix A.17, 
F i g u r e  A.17-1. 
17.7.3 ACTIVE ANALOG TELE!-ETRY 
The 
The following are  a c t i v e  ana log  t e l e m e t r y  f u n c t i o n s  i n  t h e  MSS. Note t h a t  t h e  
d e r i v a t i o n  c i r c u i t s  are provided f o r  i n f o r m a t i o n  on ly ;  they are superseded by 
t h e  e x a c t  c i r c u i t  on t h e  a p p r o p r i a t e  drawing. 
17.7.3 .1 - H i e  Voltage Monitor Telemetry 
HIGH VOLTAGE MONITOR BAND 1A 
HIGH VOLTAGE MONITOR BAND 2 A  
H I G H  VOLTAGE MONXTOR BAND 28 
HIGH VOLTAGE HONITOR BAWD 3 B  
HIGH VOLTAGE %3!JZ?OR DAKD 3 A  
(MVBDIHVA) 
( Mv BD 2 HV A) 
(MY BD 2 MTl t3) 
( :NBD?HVA) 
(INBD3WR ). 
These t e l e m e t r y  f u n c t i o n s  a r e  high v o l t a g e  monitors  (see F igure  17.1-15). The 
high v o l t a g e  s u p p l i e s  which power t h e  p h o t o m u l t i p l i e r  t ubes  € o r  Bands I, 2 and 3 
are monitored by t a k i n g  a small f r a e t i o a  of t h e  n e g a t i v e  h i g h  v o f t e g e  and 
i n v e r t i n g  i t  by means of an  o p e r a t i o n a l  a m p l i f i e r  t o  p rov ide  t h e  r e q u i r e d  
p o s i t i v e  v o l t a g e  t e l e m e t r y  s i g n a l .  The high v o l t a g e  n o n i t o r  c a l i b r a t i o n  cu rve  i s  
g i v e n  i n  Appendix A . 1 7 ,  F i g u r e  A . 1 7 - 2 .  
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C I R C U I T  A P P L I E S  TO THE FOLLOWING FUNCTIONS: 
MTS CMR R G MT F I BOP 1 
M T S C MR E L MTMUX MT F P S 1 M4TFI130F2 
MTSCHRCL M T R AD P S MTF P 5 2  
M T S CMR W G MTELCVR 
Figure 17.7-14. Pass ive  Anaiog Teleuetry C i r c u i t  
T l M  
> SIG R i N  
C I R C U I T  APFLIES TO THE F0LLOII:''G T'JNCTIONS: 
MVBGI t i V ?  MVBD2HVA !!\:OD 3HVA 
MVGDli i ' /S MVBD? tiV A MVDG 3 iVB 
Figure 17.7-15. High Voltage TLM Ctrcrzic 
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17.7.3.2 +/-15 Vol t  Regula tor  Telemetry  -- 
BAND 1 +15 VOLT REGUEhTOR 
BAND 2 il5 VOLT REGULATOR 
BAND 3 T15 VOLT REGULATOR (WBD3B15) 




Theae t e l e m e t r y  f u n c t i o n s  moni tor  t h e  +1S volt r e g u l a t e d  o u t p u t  frosl t h e  519 
volt sou rce  (see t y p i c a l  F i g u r e  17.7-1617 The +15 v o l t  s u p p l i e s  f o r  t h e  
a m p l i f i e r s  of each of t h e  f o u r  spectral bands are-regulated independent ly  from 
t h e  common 219 v o l t  source .  When both  p o e i t i v e  and n e g a t i v e  r e g u l a t o r s  are 
o p e r a t i n g  p r o p e r l y ,  t h e  executed  t e l e m e t r y  v o l t a g e  range i s  3.9 3.2 v o l t a .  No 
c a l i b r a t i o n  cu rve  i s  provided f o r  t h e  51s v o l t  r e g u l a t o r  t e l eme t ry .  
17 .7 .3 .3  +12/-6 Vol t  Regula tor  (MVP12N06) 
T h i s  t e l e a e t r y  f u n c t i o n  monitors t h e  +12/-6 VDC r egu la t ed  o u t p u t s  fro:,n. t h e i r  
r e S ~ e c t i V e  +16/-9.0 v o l t  Scan noidto?% power BC)UrCr€# ( B e t 2  Figures 17-6-8 arid 
17.7-19).  When bo th  p o s i t i v e  nnd n e g a t i v e  rt?gials:oor.s are o p e r & t i n g  p rope r ly  the 
expec ted  t e l e w t r y  voltage range  5.s 4.0 +3.2 v o l t e .  30 c a l i b r a t i o n  curve is 
provided f o r  t h e  +12/-6 v o l t  t e l e m t r y .  
-I_ 
-- 
1 7 . 7 . 3 . 4  Radiometer +/-I9 V (MVRAD319) 
T h i s  t e l e m e t r y  m o n i t o r ~  t h e  +19 VDC r e c t i f i e r  ou tpu t  (see Figures  17.6-1 and 
17.7-18).  %hen both  s u p p l i e s  a re  o p e r a t i n g  p rope r ly  a v o l t a g e  of 3 . 5  4 . 0 4  
v o l t s  is expec ted .  The expected t e l eme t ry  range when both +19 and -19 v o l t  
rectif iers are o p e r a t i n g  p r o p e r l y  is 3.5  90.4 v o l t s .  The +19 v o l t  t e l eme t ry  
c h a r a c t e r i s t i c  is d e p i c t e d  i n  Appendix A . i 7 ,  F igu re  A.17-3. 
17 .7 .3 .5  Rsdiometer a19 VDC (MVRADPl9) 
This  t e l e m e t r y  moni tors  t h e  4-29 VDC rec t i f ie r  o u t p u t  ( s e e  F igu res  17.6-1 and 
17.7-19) .  When the 4-19 VDC supply is o p e r a t i n g  p r o p e r l y ,  t h e  expec ted  t e l m e t r y  
vo l t age  range  is from 4 v o l t s  t o  5 v o l t s .  The +19V t e l eme t ry  c a l i b r a t i o n  curve 




This t e l eme t ry  moi7ltors t h e  4-5 v o l t  l o g i c  supply  i n  t h e  m u l t i p l e x e r  ( s e e  F igu re  
17.7-20) .  The t e l eme t ry  vo l t age  is equa l  to one h a l f  of t h e  m u l t i p l e x e r  l o g i c  
supply  o u t p u t .  The expec ted  t e l e E e t r y  range is from 2.4 Y t o  2.65 b. The +5 
volt logic supply t e l eme t ry  c a l i b r a t i o n  curve  is g iven  i n  Appendix A.17, Figure  
A.17-5. 
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C I R C U I T  A P P L I E S  TO THE FOLLGYING FUNCTIOFI: 
I4VP1 2Pi06 
Figure 17.7-17. +12/-6 V Regulator Telemetry Circui t  
+19v >- 
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C I R C U I T  A P P L I E S  TO THE FOLLOWING FUNCTION: 
MVRADB19  
Figure  17.7-18. 4-19 V Rectifier Telemetry CircuCt  - 
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Figure 17.7-19.  +19 V R e c t i f i e r  Telemetry Circu i t  
+5v > 
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CIRCUIT P.PPLIES TO THE FrJLLOLiING FUNCTIOM: 
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Figure 17.7-20. KUX 3.5 V L o g i c  Telemetry Circuit 
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17.7.3.7 NUX A/D Reference (MVMUXAD) -- 
T h i s  t e l e m e t r y  mon i to r s  t h e  m u l t i p l e x e r  a n a l o g  t o  d i g i t a l  c o n v e r t e r  r e f e r e n c e  
supp ly  (see F i g u r e  17.7-21). The teleodetry v o l t a g e  is e q u a l  t o  &he A / D  
c o n v e r t e r  r e f e r e n c e  supp ly  ou tpu t .  The expected t e l e m e t r y  range is from 3.4 
v o l t s  t o  3.6 v o l t s .  The MUX A/D ref 'ereuce supp ly  e e l e m t r y  c a l i b r a t i o n  c u r v e  is 
g i v e n  i n  Appendix A.17, F igu re  A.17-6. 
17.7.3.8 Average Dens i ty  of Data T r a n s i t i o n s  QKAVDATA) -- 
This t e l e m e t r y  m n f t o r s  t h e  ave rage  of d a t a  t r a n s i t i o n s  d e n s i t y  (see F igure  
17.7-22). The t e l e m e t r y  r e p r e s e n t s  t h e  number a f  t r a n s i t i o n s ,  from "1" t o  "0" 
and "0" t o  "l", p e r  u n i t  time of t h e  d a t a  b i t s .  The t e l e m e t r y  v o l t a g e  shou ld  
va ry  between 0.5 v o l t s  and 4.7 v o l t s  when t h e  HSS is powered i n  t h e  normal mode 
i n d i c a t i n g  t h a t  t h e  m u l t i p l e x e r  i s  p u t t i n g  out d a t a .  No c a l i b r a t i o n  c u r v e  is  
provided f o r  t h e  ave rage  d e n s i t y  of d a t a  t r a n s i t i o n s .  
17.7.3.9 -24.5 V o l t s  f'riintary Power T e l e t ~ ~ D :   --A --- 
-24.5 VDC Primary Power Supply 1 (MVPSLN24) 
-24.5 VDC P r i m r y  Pcwer Supp ly  2 (MVPSZN24) 
These t e l e m e t r y  fuf ic t ions monitor t h e  -24.5 VDC outpucs cif p r i m r y  paver aupplyo 
one and two (see F igure  17.7-23). The e r 2 e c t e d  t e l eme t ry  range fDr PPSl and 
PPS2 -24.5 v o l t  o u t p u t s  1s from 2.35 v o l t s  t o  2.74 v o l t s  when ene rg ized .  The 
c a l i b r a t i o n  cu rve  f o r  t h e  .-24.5 v o l t  s u p p l i e a  is g i v e n  i n  Appendix A.17, F igu re  
A. 17-7. 
17.7.3.10 +5 V Radiometer Supply (MVRADPOS) - -  
"his telemetry monitors  rhe 4-5 v o l t  r ad iomete r  supply ou tpu t  (see F igure  
17.7-24). The 4.7K i s o l a t i o n  r e s i s t o r  is used as a source  impedance t o  t h e  RIU. 
The t e l e m e t r y  v o l t a g e  is equal t o  t h e  +5 V r ad iomete r  supply o u t p u t .  The 
expec ted  t e l e m e t r y  v o l t a g e  range is from 4.7 v o l t s  t 0 ~ 5 . 1  volt f i .  The 15V 
r ad iomete r  supp ly  t e l e m e t r y  c a l i b r a t i o n  curve is g i v e n  i n  Appendix A.17, F igd re  
A.  17-8. 
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Figure 17.7-23. - 2 4 . 5  V PPS Telemet ry  C i r c u i t  





CIACUIT APPLIES TO THE FOLLG:dING FUNCTION: 
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F i g u r e  17.7-24.  9 5  V Radiorceter Power S u p d y  TLM C i r c u i t  
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17.7.3.11 Bands 1 t o  4 Video Channel Telemetry ----- 
Band 1 Channel A Video 
Band 2 Channel A Video 
Band 3 Channel A Video 





These  t e l e m e t r y  f u n c t i o n s  m n i t o r  t h e  Bands 1 t o  4 v ideo  channel  ana log  
t e l e m e t r y  (see F i g u r e  17.7-25). The t e l eme t ry  p rov ides  a method f o r  i s o l a t i n g  a 
s e n s o r  channel  f a i l u r e  t o  e i t h e r  t h e  scanner or t h e  mul t ip l exe r  in t h e  even t  of 
a f a u l t .  S i n c e  a s e n s o r  channel  f a i l u r e  can  be i d e n t i f i e d  from Oemult iplexed 
v ideo  d a t a  and t h e  q u a l i t y  of t h e  t e l eme t ry  as sampled eve ry  16 seconda is poor ,  
o n l y  1 s e n s o r  p e r  band i s  monitored in t h e  s p a c e c r a f t  t o  permi t  band i s o l a t i o n  
of a f a u l t  c o n d i t i o n .  Sensors  1, 7, 13 and 19 are monitored.  The v i d e o  o u t p u t  
t e l e m e t r y  c a l i b r a t i o n  cu rve  i s  g iven  in Appendix A.17 ,  F i g u r e  A.17-9. 
17.7.3 . I2  O p t i c a l  Switch L a q  Curren t  / ion i tor  
O p t i c a l  Srai tch L,mp 1 Cur ren t  Monitor 
O p t i c a l  Swi t ch  Lasp 2 Current Monitor 
These t e l eme t ry  f u n c t i o n s  monitor  t h e  c u r r e n t  i n  t h e  Scan Mi r ro r  a s s e ~ ~ b l y  
o p t i c a l  swi t ch  lamp paver  l i n e s  ( s e e  F i g u r e  17.7-26). The expec ted  range  of  t h e  
o p t i c a l  swi t ch  lamp c u r r e n t  f o r  bo th  PPSl  and PPS2 Is 160 ma t o  200 ma. 
A d i f f e r e n t  r e s i s t a n c e  va lue  is used t o  g e n e r a t e  t h e  t e l eme t ry  s i g n a l  i n  rPSZ SO 
i t s  c a l i b r a t i o n  curve  is d i f f e r e n t  frorr t h a t  of PPSL. The t e l eme t ry  v o l t a g e  
range i s  from 2.6 t o  3 . 3  v o l t s  f o r  MXOPSEnL and from 3.2  t o  4.0 v o l t s  f o r  
MIOPSWL.2. The t e l eme t ry  c a l ? b r a t i o n  curvcfa are g iven  in Appendix A . 1 7 ?  Figures  
A.17-10 and A . 1 7 - 1 1 ,  r e s p e c t i v e l y .  
1 7 . 7 . 3 . 1 3  -- +15 V Telemetry Regula tor  (MVTLMP1S) 
Th i s  t e l eme t ry  moni tors  t h e  915 V”” t e l eme t ry  v o l t a g e  r e g u l a t o r  (see F igure  
17-7-27}. The expec ted  t e l eme t ry  v o l t a g e  i s  3 . 8  9.01 v o l t s .  The 915 v o l t  
t e l eme t ry  r e g u l a t o r  t e l eme t ry  c a i i b r a t f o n  curve  is given i n  Appendix A.17, 
Figure A.17-12. 
17 .? .3.14 
T h i s  t e l eme t ry  moni tors  the c a l i b r a t i o n  laup c u r r e n t  (see F igure  17.7-28) a The 
expected c a l i b r a t i o n  lamp c u r r e n t  range is Erom 85 ma t o  110 ma. T h e  
cor responding  t e l eme t ry  v o l t a g e  range  la from 3 . 4  t o  4 . 4  v o l t s .  cal l a s p  
c u r r e n t  t e l eme t ry  c a l i b r a t i o n  curve  i s  g iven  i n  Appendix A.17, Fi, 
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17.7.3.15 S h u t t e r  Con t ro l  Yn teg ra to r  (KJSKRCTL) 
T h i s  t e l a m e t r y  moni tors  t h e  i n p u t  v o l t a g e  from t h e  c o n t r o l  i n t e g r a t o r  i n  t h e  
s h u t t e r  motor synchron iza t ion  loop (see F igure  17.7-29). The v o l t a g e  developed 
depends on t h e  motor speed as w e l l  as t h e  i n d i v i d u a l  motor c o n s t a n t s .  For  t h e  
P r o t o f l i g h t  NSS t h e  nominal t e l e m e t r y  v o l t a g e  is  3 20.3 v o l t s  a t  408.6 RPM. 
17 -7.3.16 
T h i s  t e l eme t ry  moni tors  t h e  scan m i r r o r  dr ive  squa re  wave a f t e r  r e c t i f i c a t i o n  
and f i 1 t e r i r . g  (see F i g u r e  17.7-30). The expec ted  t e l eme t ry  v o l t a g e  range is 
from 2.0 V t o  3.0 V. The s c a n  m i r r o r  d r i v e  t e l e m e t r y  c a l i b r a t i o n  cu rve  is g iven  
i n  Appendix A.17, F i g u r e  A.17-14. 
17.7.3.17 Scsn Mi r ro r  Regula tor  (MVSCMWG) 
T h i s  t e l e m e t r y  moni tors  t he  s c a n  m i r r o r  d r i v e  v o l t a g e  r e g u l a t o r  o u t p u t  ( s e e  
F igu re  17.7-31). The expcc ted  scan  & m o t  r c r g u b t o r  output  telemetry is 2 .SO 
v o l t s .  The s c a n  d r r o c  r e g u l a t o r  te len ie t ry  c a l i b r a t i o n  carve i s  g i v e n  i n  
Appendix A . 1 7 ,  Figure  A.17-15. 
Scan Mi r ro r  Drive (MVSCPIRDR) 
_I_ --- 
-_II_ 
The f o l l a u b n g  b f l e v e l  t e l eme t ry  funCtiOrlG l o c a t e d  i n  t h e  PDU a r e  p e r t i n e n t  t o  
MSS operation and thermal  c o n t r o l .  
17 .7 .4 .1  MSS POWER A ENA/DXS (YMSASWR) 
This  t e l eme t ry  noni tolrs  t he  +28 v o l t  payload Bus A from t h e  PDU t o  t h e  MSS 
(Rer'erence Paragraph  11 .7 ) .  A "1" s ta te  i n d i c a t e s  t h e  4-28 v o l t  Payload Bus A 15 
connected t o  t h e  MSS-A Load arid a "0" s t a t e  i n d i c a t e s  t he  +28 v o l t  Payload Bus A 
i s  d i sconnec ted  from t h e  MSS-.I load .  
--- - 
17.7.4.2 MSS POWER B ENA/DIS (I'MSBPWR) 
T h i s  t e l eme t ry  moni tors  t he  +28 v o l t  payload Bus B from t h e  PDU t o  t h e  HSS 
(Referenc? Paragraph  11.7) .  A "1" s t a t e  i n d i c a t e s  t h e  +28 v o l t  payload Bus B fs 
connected t o  t h e  MSS B l o a d  and a "0" s t a t e  i n d i c a t e s  t h e  -4-28 v o l t  payrod Bus B 
is disconnected  fron the WSS B l o a d .  
17 .? . 4 . 3  !4SS 1lTTE"XFACE B REATER ENAA/DIS (MSBHTP,) 
This t e l e m e t r y  moni tors  t h e  a p p l i c a t i o n  of the  +28 v o l t s  B U G  A and Bus B t o  t h e  
MSS IF B h e a t e r s  l o c a t e d  OJ t h e  MSS suppor t  s t r u c t u r e  of t h e  XIY (Reference  
Paragraph  11 .7 ) .  A "1" s t a t e  i n d i c a t p s  t h a t  e i t h e r  o r  bo th  t h e  +28 v o l t  Bus A 
and +28 v o l t  Bus B have been a p p l i e d  t o  t h e  MSS i n t e r f a c e  R h e a t e r s .  A "0" 
s t a t e  i n d i c a t e s  t h a t  bo th  +28 v o l t  Bus A and +28 v o l t  Rus B have heen 
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C I R C U I T  A P P L I E S  TO T H E  FOLLOWING FUNCTION:  
MVSt iRCTL 
F i g u r e  17.7-29. S h u t t e r  C o n t r o l  Integrator Telemetry C i r c u i t  
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C I R C U I T  A P P L I E S  T O  THE FOLLOWING F U N C T I O N S :  
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F igu re  17.7-30. Scan Mi r ro r  Drive Telemetry c i r c u i t  
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C I R C U I T  P . 2 P L I E S  TO THE FOLLOLIING F U N C T I O N :  
MVSCYRRG 
F igu re  17.7-32. Scan Mirror Regu la to r  Telemetry C i r c u i t  
17-78 
SVS-10266 
31 Becenber 1931 
17.7 - 5  SCCU/MSS TELEMETRY 
The f o l l o w i n g  b i l e v e l  t o  t e l eme t ry  f u n c t i o n s  l o c a t e d  i n  t h e  SCCU are p e r t i n e n t  
t o  MSS t he rma l  c o n t r o l .  
17.7.5.1 
T h i s  t e l e m e t r y  mon i to r s  t h e  a p p l i c a t i o n  o f  928 VDC bus (A o r  B) power t o  t h e  MSS 
I F  A P r i m r y  Heater l o c a t e d  on t h e  MSS suppor t  s t r u c t u r e  of t h e  I M  through t h e  
SCCU h e a t e r  module (Reference Paragraph 8.6). A "1" state i n d i c a t e s  t h e  
a p p l i c a t i o n  of +28 VDC bus power t o  t h e  MSS I F  A p r i m r y  h e a t e r  and a "0" s t a t e  
i n d i c a t e s  t h e  power h a s  been removed. 
17.7.5.2 
T h i s  t e l e m e t r y  monitors  t h e  a p p l i c a t i o n  of 4-28 VDC bus (A or B) power to  t h e  MSS 
I F  A Redundant Heater through t h e  SCCU h e a t e r  module (Reference Paragraph 8.63. 
A "1" s t a t e  i n d i c a t e s  t h e  a p p l i c a t i o n  af -f-:!8 V bua p s e r  t o  t h e  HSS IF A 
redundant  h e a t e r  and a "0" s t a t e  i n d i c a t e 8  the  power has been remov~d.  
E In t e ] r f ace  A Primary Heater ENA/DIS (UHSWHTA) - 
- MSS I n t e r f a c e  - A Redundant Heater ENA/DIS (UHSAIITB) 
T h i s  t e l e m e t r y  monitoro t h e  use of t h e  MSS IF A Heater Thermostat ( r e f e r e n c e  
Paragraph 8.6). A "1" s t a t e  i n d i c a t e s  t h e  MSS I F  A mechanical t he rmos ta t  has  
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PMLOAD CORRECTION DATA 
The o p e r a t i o n  of t h e  Landsat-D payloads (KSS ar,d TM) i nduces  v i b r a t i o n  or j i t t e r  
i n t o  t h e  imaging in s t rumen tn .  I n  o r d e r  t o  c o r r e c t  t h i s  j i t t e r ,  Payload 
C o r r e c t i o n  Data (PCD) i s  gene ra t ed  by t h e  Payload C o r r e c t i o n  Data Subsystem and 
downlinked where i t  may be used i n  t h e  IGF t o  c o r r e c t  TM i nages .  
18.1 PCD PLWCTIONAL DESCRIPTION -
The P O  subsystem, ao shown i n  F igu re  18.1-1, c o n e i a t s  of an Angular 
Displacement Senso r  (ADS), ADS E l e c t r o n i c s  and a PCD Formatter .  The PCD 
Format t e r  is  l o c a t e d  i n  t h e  Power D i s t r i b u t i o n  U n i t  (PDU). 
18.1.1 ANGLE DISPLACEMENT SENSOR ( A D S )  
The ADS monitors  Themtic Mapper (TX) angulsr rzoeion, s p e c i f i c a l l y  a n g u l a r  
d i sp l acemen t  02 t h e  TH mounted on t h e  f l i g h r  segmnt  (PS) r e s u l t i n g  from t h e  
reaction o f  the T M  osc%llating mtrzor. 
The ASS consists of t h r e e  f l u i d  r o t o r  angul3ar displacement ~eltqors configused i n  
a t r i - a x i a l  arrangement .  A biork dfagrou of one of t h e  fluid r o t o r  Sensors i s  
shown in F i g u r e  18.1-2. These sensors are  mounted on  t h e  TM and p rov ide  i n p u t  
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The ADS e l e c t r o n i c s  p rocesses  t h e  ADS o u t p u t s  i n t o  a f o w  u s a b l e  by t h e  
Format te r  e l e c t r o n i c s .  The f u n c t i o n s  provided  are: 
1. F i l t e r s  - each  ADS axis s i g n a l  i s  low-pass f i l t e r e d  t o  e l i m i n a t e  
h i g h e r  f requency  components t h a t  would l e a d  t o  b i a s i n g  i n  the sampled, 
d i g i t i z e d  d a t a .  
2.  Temperature  Senso r  Condi t ion ing  C i r c u i t s  - t h e s e  c i r c u i t s  provide  t h e  
c u r r e n t  and r e f e r e n c e  t o  r ead  t h e  tempera ture  sensors. 
3 -  Analog M u l t i p l e x e r  - t h e  ana log  m u l t i p l e x e r  nelects one of e i g h t  
p o s s i b l e  analGg i n p u t s .  Three  of t h e a e  i n p u t s  are the h D S  a x i s  
i n p u t s ,  f o u r  are t h e  tempera ture  i n p u t s ,  ai-it one i n p u t  is uaed in 
monf t o r i n g  t h e  A/D conve r t e r .  
4 .  A / D  Conver te r  - c o n v e r t s  t h e  s e l e c t e d  ansfog i n p u t  i n t o  R d f g i t i z e d  
ou tpu t  * 
A block  diagram of the RDS e l e c t o r n i c s  is s h o v n  i n  1:igdf-e 18.1-3. The AD3 
i n t e r f a c e a  on ly  t o  t h e  ADS e l e W o n i c s ;  t h e r e f o r e ,  :he ADS poiier and e t , !  ADS 
t es t  s i g n a l s  are i n t e r f a c e d  v i a  t h e  ADS e l e c t r o n i c s .  
18.1.2.1 Analog H u l t i p l e x e r  
The analog  m u l t i p l e x e r  selects one of e i g h t  p o s s i b l e  i n p u t s ,  as determitied b y  
select E i g I l a l S ,  and p r e s e n t s  t h e  s i g n a l  t o  t h e  A/D c o n v e r t e r  Tar d i g i t i z i n g  as  
S'tlGwn i n  F igu re  18.L-3. The i n p u t s  a r e :  
1.  X-axis ADS d a t a  
2 .  Y-axis ADS d a t a  
3 .  Z-axis ADS d a t a  
4 .  X-axis ADS tempera ture  d a t a  
5 .  Y-axis ADS t empera ture  d a t a  
6 .  Z-axis ADS t empera ture  d a t a  
7 .  ADS e l e c t r o n i c s  t e n p e r a t u r e  
8 .  A/D c o n v e r t e r  monf t o r  
18.1.2.2 Analog t o  D f g f t a l  Conver te r  ~- -_ 
The s i g n a l  s e l e c t e d  by t h e  m u l t i p l e x e r  i s  analog t o  d i g i t a l  conver ted  and s e n t  
to the PCI) Format te r  v i a  s e r i a l  s i g n a l .  I n p u t s  t o  t h e  A/D ccnvereer  a r e  t h e  
d a t a  s i g n a l s ,  t h e  512 Hz c lock  and s t a r t  convers ion  s i g n a l .  Se r i a l  d a t a  signals 
and t h e  e n d  of conve r s ion  (EOC) s i g n a l  a r e  o u t p u t t e d  t o  both  I'CD Fonmtter h and 
e .  
i 
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18.1.3 PCD FORMATTER 
The PCD Forma t t e r  is  l o c a t e d  in t h e  PBU and r e c e i v e s  t h e  f o l l o w i n g  s i g n a l s :  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7.  







A n g l e  Displacement Senso r  (From. ADS) 
ADS Temperature  (From ADS) 
Gyro Data (Frcm OBC) 
Gyro D r i f t  Data (From OBC) 
A t t i t u d e  Estimate (From OBC) 
Ephemeris (From OBC) 
TM Housekeeping DaKa (From OBC) 
MSS Housekeeping Data (From OBC) 
S/C Time Code (From DPU) 
Fo rma t t e r  S t a t u s  (Generated in t h e  Forma t t e r )  
Sync (Generated i n  t h e  Forma t t e r )  
M H I D  {Generated i n  t h e  Forma t t e r )  
A/D Ground Referetice ( f rom ADS) 
Telemetry Frma coxre la t ion  (Generated i n  Fomat t e r )  
ADS d a t a  is r e c e i v e s  frarn t h s  ADS e l e c t r o n i c s  A/D c o a v c r t e r  c h r c u i r s  i n  a e r i a l  
€ o m  placed i n  h o l d i n g  r e g f s t e r s ,  and packed i n t o  t h e  ser ia l  o u t p u t  stream a t  
t h e  a p p r o p r i a t e  time?. The ADS e l e c t r o n i c s  sampling and channe l  selecticq are 
c o n t r o l l e d  by t iming  c i r c u i t s  i n  t h e  PCD F o r n a t t e r .  
Time code d a t a  i s  s e n t  t o  t h e  Forma t t e r  from t h e  DPU by means of a se r ia l  d a t a  
line and a g a t e d  c lock .  T h i s  d a t a  stream i s  loaded i n t o  a 1024 x 1 b i t  s t a t i c  
RAM ope ra t ed  i n  a f i r s t  i n / f i r s t  o u t  f a s h i o n .  I t  is r e a d  from t h e  RAii and 
placed i n  t h e  t e l e m e t r y  stream i n  PCD major frame 1. 
A t t i t u d e ,  ephemeris  and gy ro  d r i f t  d a t a ,  and s e l e c t e d  t e l e m e t r y  d a t a  are 
r ece ived  frcm t h e  RIU i n  a s i n g l e  se r i a l  stream by t h e  PDU O i g i t a l  e l e c t r o n i c s  
and are then  t r a n s f e r r e d  t o  t h e  PCD Formatter .  T h e  v a r i o u s  t y p e s  of d a t a  
coraprcmising t h e  s e r i a l  i n p u t  are n o t  d i f f e r e n t i a t e d  i n  t h e  PCD Formatter .  The 
d a t a  i s  loaded i n t o  and read from a second 1024 X 1 b l e  RAM in a similar manner 
t o  tircp. code e x c e p t  f o r  t h e  placement of t h e  d a t a  i n  t h e  PCC t e l e m e t r y  frames. 
Gyro d a t a  is a l s o  r ece ived  by c i r c u i t s  w i t h i n  t h e  P D U  d i g i t a l  e l e c t r o n i c s  and 
t h e n  sent t o  t h e  PCD Forma t t e r  and are  l i k e w i s e  s t o r e d  i n  a IO24 X I b i t  RAX, 
and read out 30 reqxired. Data from t h e  P D U  d i g i t o i  e l e c t r o n i c s  I s  s e n t  ove r  
tne common c l o c k  anc d a t a  l i n e s ;  s e p a r a t e  znablitrg signals are provided t o  s teer  
t h e  d a t a  t o  t h e  a p p r o p r i a t e  PCD F o m a t r e r  c i r c u i t s .  Major frame s y n c h r o n i z a t i o n  
and 1.024 Eiz c l o c k  s i g n a l s  are a l s o  s e n t  t o  t h e  ?CD Format t e r  from t h e  R I U  by 
t h e  PDU. PCD F o r u t t e r  3 t 3 t u s  words,  s p c  p a t t e r n ,  minor frame I D  and mjo r  
frame c o r r e l a t i o n  a r  i n t e r n a l l y  gene ra t ed  and p l aced  i n  t h e  s e r i a l  o u t p u t  
stream by s e p a r a t e  s h i f t  r e g i s t e r s  which are loaded and c locked  as  r e q u i r e d  by 
t h e  g iven  d a t a  format .  P O  Forma t t e r  s t a t u s  w i l l  i n c l u d e  a framing e r r o r  f l a g ,  
which when s e t  i n d i c a t e s  t h a t  major f r a n e  sync  d i d  no t  occur  o r  tha t  i t s  
occursnce was not a t  t h e  expected t ime; and a time code u p d a t e  f l a g  t o  i n d i c a t e  
t h a t  no nev t i m  code d a t a  wzs r cce lved  du r ing  t h e  c u r r e n t  t e l e m e t r y  major 
frame. 
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Output s i g n a l s  from t h e  PCD Forma t t e r  are s e n t  t o  the DFU the CbDif 
subsystem. The DPU is  provided w i t h  serial d a t a  arid c l o c k  sfgzaS4.  he c&~If  
subsystem is  also s e n t  se r ia l  d a t a  and c l o c k  signals, plus  a euo-z clock ( 6 4  
KHz).  PCD Forma t t e r  i n t e r f a c e s  are shown in F i g u r e  28.1-4. The f sx* .  of  th($sg 
d a t a  is d e f i n e d  i n  the SVS-10223, Data Fonnat Con t ro l  B@zk, volume 
(Telemetry) .  
18.2 PERFORMANCE CAPABILITIES 
18.2.1 ANGULAR DISPLACEMENT SENSOR PERFORMANCE 
1. S e n s L t i v i  ty:  Roll: 25 v o l t s / m L l l i r a d i a n  
P i t c h  and Yaw: 50 V o l . t ~ / H i l l i r a d f o : ~  
2 .  Threshold : (0  .L Mlcroradians 
3. L i n e a r  Range: -5 Vol ts  t o  t -5 irolts 
Ro l l :  +400 u k c r o r a d i a m  
P i t c h  &d Yaw:  +200 microradians - 
4.  Bandpass: 0.5 Hz t o  120 Hz 
5. Accuracy: Gain: +1.2 Microradians 
Phase:-+O .6 Degrees - 
6. RMS Noise: (0.1 MLcroradians 
7 .  Cross  a x i s  Coupling: (0.2% of  I n p u t  
19-7 
" i  
, 
' I  
Figure  18.1-4-  PDU F o m i t t e r  I n t e r f k c a s  
. 
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18 -2.2 ANALOG MULTIPLEXER AND AID COHVERTER PERFO@4ANCE 
1. Conversion t i m e :  125  microseconds 
2.  Reso lu t ion :  a t  l eas t  0.1% (10 b i n a r y  b i t s )  
3. Accuracy: s h a l l  be a b l e  t o  be known t o  a t  least  
0.1% ( a b s o l u t e  accu racy )  a f t e r  ground 
computet i o ns  
4 .  Range: -5.000 v o l t s  t o  15.000 v o l t s  
18.2.3 PCD FOWTTER PERFORMANCE 
TBS 
18.3 FCD Modes of Opera t ion  --- 
The PCD subsystem h a s  two uodes 
Formatter/ADS Pcwer ON 
Formatter/ADS Pcwer OFF 
which are c o n t r o l l e d  J ia  d i s c r e t e  command from RIU 8 6 .  P m e r  s u i t c h i n g  i s  
accomplished i n  t h e  PDU. The PCI) Formatter [A and B)  t h a t  i s  powered is  “Lie 
same a s  t h s t  s e l e c t e d  f o r  PDU E l e c t r o n i c s  ( A  o r  B) .  The ADS E l e c t r o n i c s  are 




1112 ADS and A D S  E l e c t r o n i c s  arc s i n g l e  u n i t s  w i thou t  redundant backup. The PCD 
Forma t t e r  is b lock  redundant  w i th  t h e  a c t i v e  FormatCer d2Eermined by which s i d e  
of t h e  PDU Is s e l e c t e d .  
The FormaCter, DPU and FDU Power supp ly  (as w e l l  as t h e  o t h e r  s e c t i o n s  of t h e  
PDU) form a s i n g l e  f lqnct ionai  b lock  of redundant coroporxents wbich A r e  t i e d  
coL:ether i i r  a s imple  A-A c o n f i g u r a t i o n .  See Ffgc re  18.E-l. 
18.6 GOMXANDS 
R X U  6 will prov ide  t h e  command f u n c t i o n s  t o  t h e  PCD i d e n t i f i e d  in t h e  Coamand 
D i r e c t o r y .  
* ,  
SVS- 10266 
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18.7 TELZMETRY 
1- 
Telemetry from the  PCD w i l l  be defined i n  the Telemetry 
regarding 
Appendix A.18. 
direc tory .  Information 
calibratien cut-a f o r  any PCD telemetered funct ions  will be faund i n  
L SD- WE’ C- 3 6 3 








. TKERMIU, CO!?"%OI, SUBSYSTEM 
SVS-10266 
31 December 1981 
The Thema1  C o n t r o l  Subsys tea  (TCS) on  t h e  Landsat-I3 F l i g h t  Segment i s  used t o  
g e n e r a t e  2nd d i s t r i b u t e  t h e  h e a t  energy  r e q u i r e d  t o  ma in ta in  t h e  s p a c e c r a f t  and 
i t s  components w i t h i n  t h e  designed t empera tu re  l i m i t s .  The TCS is made up of 
both  a c t i v e  and p a s s i v e  d e m e n t s :  h e a t e r s ,  which t r ans fo rm electrical energy 
i n t o  h e a t  energy;  b l a n k e t s ,  which reduce  t h e  r a t e  of  h e a t  loss; and l o u v e r s ,  
which promote t h e  d i s s i p a t i o n  of h e a t .  The h e a t e r s  are c o n t r o l l e d  by mechanical  
t he rmos ta t s  or by c i r c u i t s  u s ing  themfa to r s  as s e n s i n g  e lements .  These c o n t r o l  
d e v i c e s  measure t h e  local t empera tu re  and cycLe t.hu h e a t e r s  on and o f f  w i t h i n  
prede termined  limits. T h e m i s r o r a  are also employed t o  measure t h e  t empera tu re  
a t  v a r i o u s  p o i n t s  th roughout  t h e  F l i g h t  Segment t o  provide  d a t a  f o r  i n c l u s i o n  in 
t h e  t e l e m e t r y  stream, The h e a t e r  c i r c u i t &  are enabled  and d i s a b l e d  by command 
from t h e  OBC, and in sone cases t h e  the rmos ta t s  c a n  be bypassed t o  peni t i t  
h e a t e r s  t o  be tu rned  on and  of f  by ground coraand.  
A s e p a r a t e  set of h e a t e r s  i s  hard-wired t o  t h e  STSfEfMS i n t e r f a c e  connectDr.  
They ma in ta in  t h e  Landsat-D F l i g h t  Segment t empera tu re  a f t e r  it has  Seen 
r e t r i e v e d  by t h e  Space S h u t t l e .  
19 I FL?"IONAL DESCRIPTION - 
A s  f a r  as  the  TCS is concerned,  t h e  LandsaL-D FLigEze S e g ~ n t .  can be thoirghC of 
as be ing  d i v i d e d  i n t o  f o u r  p a r t s :  
1. I M  S t r u c t u r e  
2.  IM Subsystems 
3 .  li3S S t r u c t u r e  
4 .  MX.5 Subsystems 
19.1.1 T H E W  ELE€ENTS, OH-ORBIT OPEMTIONS 
19.1.1.1 I M  S t r u c t u r e  -~ 
19.1.1.1.1. Heaters and Heater Cont ro ls  
There are apptoxfmate ly  f i f t y  h e a t e r s  l o c a t e d  throughout  t h e  ZM S t r u c t u r e  which 
a r e  used d u r i n g  on -o rb i t  ope ra t iono .  
They c o n s i s t  of e i t h e r  one s t r i p  ( s i n g l e ) ,  two strips (eo-lam), o r  t h r e e  s t r i p s  
(tr.t-lam). The h e a t e r n  are grouped,  and each group is turned  on and o f f  e i t h e r  
by c o n t r o l  c i r c u i t s  ( u s i n g  t h e r m i s t o r s  A S  sens ing  e l emen t s )  l o c a t e d  i n  t h e  
Power D i s t r i b u t i o n  U n i t ,  o r  by  the rmos ta t  To  l o c a t e  t h e  h e a t e r s ,  t h e r m o s t a t s ,  and 
t h e m i s t o r s ,  see GE Drawing KO. 475255181, T h e m n l  Subsystem I n s t a l l a t i o n .  The 
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Con t ro l " ,  lists t h e  h e a t e r s ,  t he rmos t&ta ,  and the rmis to r s .  The t a b l e  also shovs 
t h e  c o n s t r u c t i o n  and power r a t i n g  of t h e  h e a t e r s .  
19.1.1.1.2 Temperature  Sensors  (Telemetry)  
There  are approximate ly  4 1  t h e r m i s t o r s  d i s t r i b u t e d  ehroughout t h e  IM S t r u c t u r e  
which moni tor  t h e  s t r u c t u r e  tempera ture .  The ou tpu t  of t h e s e  seusorci is 
i n s e r t e d  i n t o  t h e  t e l e m e t r y  stream. Theae t h e r m i s t o r s  are l i s t e d  i n  t h e  
Telemetlpy Temperature  Sensor  Loca t ion  Guide,  GE Ilrwfng No. 475255181, Thermal 
Subsysten: I n s t a l l a t i o n ,  s h e e t  1. The guide g i v e s  the key to t h e  l a c e t i u n  of 
each sensor as w e l l  as i t a  telemetry mnemonic. 
19.1.L.2 Subsystems 
The l o c a t i o n  of h e a t e r s ,  t h e r m i s t o r s ,  and t h @ m c m t n t s  is shown o n . t h e  fo l lowizg  
f i g u r e s  f o r  t h e  IM subsystem l i s t e d .  Loca t ions  for o t h e r  IM subsystems are TBS. 
F i g u r e  19.1-1 WBCS (Wideband Module) 
Figure 19.1-2. 
F igu re  19. i-3. GPS ( K / ? A )  
F I ~ U I T R  19.1-4. DASB 
hrBCS (XF Compartment 3 
19.1.1.3 E S t r u c t u r e  
There are s i x  h e a t e r s ,  six t h e r m o s t a t s ,  and six h e a t e r s  a t t a c h e d  t o  t h e  EMS 
s t r u c t u r e  as shown in F i g u r e  19.1-5. Two h e a t e r s  and two t h e r m o s t a t s  are 
a t t a c h e d  t o  t h e  longerons  a t  each o f  the t h r e e  s t r u c t u r a l  j u n c t u r e s  n e a r  
t h e  IM. A t h e r m i s t o r  is  l o c a t e d  w i t h i n  each  of t h e s e  j u n c t u r e s ,  and w i t h i n  each 
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A. -A 
B-B s-e, 
E -E c - c  
Figure 19.1-2.  Location of Heating Elements, HBCS RF Compartment 
L SD- idl' C- 2 6 3 
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Figure 19.1-3. Location of Heating Elements,, GPS (R/PA) 
LZD-WPC-26 3 
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Figure 19.1-4. Location o f  Heating Elements - DASB 
L SI)- WP c- 2 h 3 
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, 
Figure 19.1-5. Location of h a t i n g  Elenrnts - MMS Structure 
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19.1.1.4 - MMS Subsystems 
The l o c a t i o n  of h e a t e r s ,  t h e r m o s t a t s ,  and t h e r m i s t o r s  i s  shown on t h e  fo l lowing  
f i g u r e s  f o r  t h e  kU4.S S u b s y s t e m  l i s t e d .  Loca t ions  f o r  o t h e r  MMS subsyssems are 
TBS . 
Figure  19.1-6. ESAM 
19.1.2 THERMAL ELEHENTS, RECOVERY ENVIRONMENT 
19.1.2.1 I M  S t r u c t u r e  
There are appzoximately 34 h e a t e r s  which are used, t o  main ta in  t h e  tempera ture  of 
t h e  I M  S t r u c t u r e  d u r i n g  t h e  recovery  phase. These are a l l  s ingle-e lement  
h e a t e r s ,  and are hardwired t o  t h e  STS/PIMS i n t e r f a c e  connec tor .  The h e a t e r s  are 
grouped and each  group i s  c o n t r o l l e d  by a t h e m o s t a t .  
Tne h e a t e r s ,  t h e i r  power r a t i n g s ,  and l o c a t i o n  are l i s t e d  i n  the Cabl.e, "ShuCtTe 
Environment Therm21 Con t ro l " ,  GE Drsr-liog 130. 47J255181, Thewal Subsys tea  
i n s t a l l a t i o n ,  shee t  1. The t he rmos ta t  l o c a t i o c s  arc a l so  shown on t h i s  t a b l e .  
-
TBS 
19.1.2.3 MMS S t r u c t u r e  --- 
TBS 
19.1.2.4 I_ MMS Subsystems 
TBS 
19 . 1 . 3  PASSIVE THERMAL CONTROL ELEMENTS 
19.1.3.1 Thermal Cont ro l  Louvers -- 
Both t h e  MMS and IM of the  Landsat-D exploy r h e m a l  control .  l o w e r s  t o  regulate 
t he  t empera tu re  l e v e l  of c r i t i c a l  components. For the W S ,  t h e  fol.Iorf.ng 
sr;bsystent;  u t i l i z e  louvers :  
1. M C S  (GE S / S )  
2 .  C&DH ( F a i r c h i l d  S / S )  ". IPS ( F a i r c h i l d  S / S )  
On t h e  T M ,  only t h e  TM eotploys thermal c o n t r o l  l ouve r s .  A d i s c u s s i o n  of t h i s  
unit: is g iven  i n  S e c t i o n  L4. 
LSD-W PC-2 6 3 
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19.1.3.2 I n s u l a t i o n  Blankets  
GE Drawing No. 47A255161 d e f i n e s  t h e  c o n f i g u r a t i o n  and materials employed i n  
i n s u l a t i o n  b l a n k e t s  t h a t  w i l l  be i n s t a l l e d  a t  v a r i o u s  l o c a t i o n s  throughout  t h e  
Landoat-D I n s t r u m e n t a t i o n  Module. C u r r e n t l y ,  t h e  l o c a t i o n  and i n s t a l l a t l o s t  
d e t a i l s  f o r  t h e  b l a n k e t s  i s  be ing  des igned .  These d e t a i l s  w i l l  be inco rpora t ed  
as a Drawing Change t o  GE Drawing 475255181. 
A d e s c r i p t i o n  of t h e  tw, contaminat ion  c o n t r o l  and b l a n k e t  c l e a n i n g  procedures  
can  be found i n  GE S p e c i f i c a t i o n  171A4882. 
19.2 PERFORMANCE CAPABILITIES 
19.2.1 ALLOWABLE TEMF'EPATURES AND SET POINTS 
The thermal  c o n t r o l  s y s t e u  of Landsat-D has  two icdependent  sets of h e a t e r s .  
One s e t  is employed when t h e  veh ic l e  is launched on t h e  Delta booster, the other 
se t  is employed when the vehicle  is recovered  by the Space ShuLtle. Table 
19.2-1 d e f i n e s  the  h e a t e r  parameters f a r  eack suSsystez, an3 the corresponding 
set p o i n t s  of t h e  themaeta ta .  S i d l a r h l y ,  Tab le  19.2-2 provides this 
i n fo rma t ion  for t h e  Space S h u t t l e  recovery .  
19-10 
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Table 19.2-3. Commands, Thermal Control  Subsystem 
Mnemonic RLU/Chmnel/Sarial Magnitude Cescription 





5 2 3 3  
3235  
3 2 3 7  
0 2 3 9  
0241 
5 2 4 2  
3 2 4 3  
3 2 4 3  
J 2 5 0  
3 . 0 3  
i 3 1 3  
3;2? 
3523 
0 3 2 4  
8325 
DZ26 ' 
3 3 2 7  
3528 
3 3 2 ?  
9 3 3 0  
9331 
3 332 










3 4 7 5 0 G 1 ~ G 0 0 1 1 C 1 1 0 0 1 :  
3~703C119C0103113011 
3 4 7 0 ~ 1 C 0 0 3 0 1 1 1 0 ~ 3 3 1 1  
@+7J?10109010t019021 
3u703:10G30~1JO1JCZl 
3 4 7 0 0 : l l O G O 1 O B 3 1 D G l l  
04701003000111100Clh 
5 4 7 3 ~ 3 0 1 G 0 0 1 C 1 1 0 0 2 1 1  
J r 7 3 1 9 1 3 i J 0 1 1 3 1 0 0 0 1 1  
3 4 7 0 1 0 1 1 0 ~ 0 1 0 0 1 3 3 G l l  
0 f t 7 J l i G O O S 0 1 1 1 0 0 J 3 1 1  - 
E ~ A  Y r ?  x 
DXS HTR f 
HTS 2 ENA 
HTQ 2 D I S  
f 4 A C S  HTR GRP I OFF 
WACS HTR GFtP 2 O N  
M A C S  HTR GRP 2 OFF 
F H S f  2 H7R O N  
FHST J, dTi? O N  
FHST 1/2 HTRS VFF 
#AC.S HTR GfiP 5 09 
9 4 C S  MTR GRP 3 OFF 
H T R  A K N  
riT3 D I S A R M  
H T 9  THRIS 2 B7PS ENA/DIS RESET 
HTf? THRFI 2 BYPS ENAPOLS SET 
I+TR TPC?l4 I B Y P S  Ehr/DIS S E T  
k(JT0 H T R S  CIN/UFF TfillDBS RESET 
AUTO H T R S  ONIOFF E N I D I S  SET 
91(T 3 THRM SW ERl&/DXS 9ESf? 
EBT 3 TMRW SM ER!S1[S SET 
SAT 2 THRB SW EYA/OXS RESCT 
B A T  2 THRH SU EVA/DXS S E T  
B A T  1 TWRB Slal E N A / D I S  RESET 
B 4 T  1 TH4M Ski' E M A I D I S  SET 
S C C J  HTS A ENA 
S C C U  WTR A 31s 
S C C U  HTR A - T H € R M O  SYPS 
S C C U  HTR P T t + E R M O  E N A  
SCCU YTR B E N A  
SCCU MTR a 
S C C L l  HT? B TWFRMQ a Y Q S  
S C C U  H T 9  3 T H f 2 W O  EN 
UPR SUPP STR HTS 1A E Q A  
UPfi  SUPP STR H T 9  LA D I S  
UPR SUPP S T R  HTR 15 E'JA 
UPR SUQP STZ HTR 13  D I S  
U?R SUP? S T R  H T 9  1 Th2f4 3YP 
UPR SUP? S T R  I i T ?  1 TYg:4 f f \ i  
G A S 3  RAD P P I  H T R  31s 
DASD Q b 3  R E 9  HTR E N  
DASB 3CaD R E D  t i l ?  31s 
MACS HTR GRP i ON 
HT'R T H P N  1 BYPS EN/DPS R E S E T  
OAsa R A G  P R I  ~ T R  E N
O A S S  R C D  n T R  T W E R P ~ O  B Y P S  
D A S B  R A D  n T R  T K E R Y O  EN 
LSD-WPC-263 ' 
SVS-10266 
31 December 1981 
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Table 19.2-3. Commands, T h e m 1  Control Subsyetem (Cont'd) 
SCTHZCU 3 4 7 O 1 1 0 3 O l O I  1 1 3 0 0  111 
S C H 4 E : ;  3 4 7 0 0 3 0 1 0 1 1 0 C 1 1 1 1 3 0 3  
T N / N I S S  A3AIPT PRI  HTR EY 
T M I H I S S  BDAPT P 9 I  HTR 31s 
T @ / M I S S  ADAPT RED HTS EN 
T M / # I S S  A D A P T  RED HTR DIS 
T H / % I S S  ADAPT Wli THERqO aYPS 
TMfMISS ADAPT HfR THERHO E N A  
MSS INTER F B I  HYR EN 
HSS I N T E R  P R I  HTR 3 1 s  
NSS INTER RED H f R  E Y  
MSS I N I E R  RED HTR DIS 
HSS INTER MTR THERHO 3 Y P S  
H S S  I k T E R  H'VR THE?MO E"J 
W9 MOD I N T E R  F R I  HTR ENA 
YE! ROD I k T E S  P R I  1 i T 9  D I S  
Ld@ H 0 3  INTER RED .(TR E N  
U 3  MOD INTER RED HTR DIS 
La MOO I N T E S  HT? THQMO 6 Y Q S  
U P R  SUFP SYR KTR 2A PRT EN 
U P R  SiJF? SYR H:'R ?la PRT DES 
UF'R SUPP STR HTR 2 3  RED f f d  ' 
UPR SUPP STR HYR 2 Tk!RU B y P S  
U P H  SUPP S T H  H T R  2 T H K 3 0  EiU 
TM SFEHLD HTR 1 EN 
TM SFEHLD H T R  1 OIS 
T8 SFEHLD HTA 2 ErJ 
TY SFEHL@ HTU 2 D I S  
Ti-i SFEkihD t!TR ?!+!?YO BYPS 
TH SFEt iLD HTR THRMO E N  
PYLO H T R  8 PR? EN 
PYLD HTR 8 P R I  DIS 
PYLD HTR e RED EM 
PYLD HTR 8 RED D I S  
PYLD THffM 8 BYPS 
PYLD THRW P ENA 
S / C  HTR 1 EN 
S / C  HTR 1 DIS 
S / C  THRM 1 BYPS 
S I C  YHRM I EN 
S / C  WTR 2 ERA 
S/C HTR 2 D X S  
s f c  PnRw 2 B Y P S  
S / C  TH28 2 f t J A  
S I C  HTR 3 ENA 
s / c  HT? 3 DXS 
S / C  THRH 3 BYPS 
S / C  TH9N 3 ENA 
S / C  HTR 4 E R A  LSD-WPC-263 
U B  nor! IWTER HTR YHERYO EN 
LIPR' SirPP Sf9 HT2 23 2 C D  BRS 
i9-15 
SVS- 10266 
Table 19.2-3. Commands, Thermal Control Subsvetem [Coated) 
memanic Ri.U/GhanneL/ScrPaL khgnicude Desct-ip cion 
S / L  K r q  '4 01s 
s/c  THRS 4 S Y P S  
S / C  THri l4  4 ENA 
S / C  H T X  5 ENA 
S I C  HTR 5 D I S  
S / C  THRM 5 B Y P S  
S I C  TWRPB 5 E M A  
S I C  HTiZ 6 EfdA 
S / C  PI?@ 6 DIS - 
S I C  THRM 6 B V P S  
S I C  T H R M  6 E N A  
ESA 2 HTR ENAECE 
ESA 1 Y T R  UXS/LOGIC 91s 
ESA 2 HTR C I S I L 3 G X C  3 1 s  
PM-lA PRIPI TANK H T i l  ENA 
PW-14 P q I Y  TANK HTR DPS 
P?4-1& RED T d N #  H T B  ENA 
PW-PA RED ThWR XTR D I S  
P M - L A  P R I M  LIME: d ? ' R  ENA 
PP-LA P A i ? 4  LX?dE q Y . 9  
P,"s-lA L.?dE HTR T H 9 # S T  E N A  
fsa x H T ~  EriaaLF: 
w - 1 8  L ~ E :  H T R  T ~ W S T  B Y P S  
PP?-lEI RED L I N E  HTR ENA 
PN-1L R E D  L I N E  HTR D Z S  
P N - l A  TANK H T R  THRY 9 Y P S  
P R I  W T R S  OR AUTOtMAM O F F  
RED HTRS ON AUTO/PIAN OFF 
R Z N  A P R I  H T R  ON NnM HDE 
R E %  3 P H I  H T R  ON walu HUE 
R E N ~  D P R I  H T R  O N  PtaN H ~ E  
R C 9  C P R I  H T R  ON f l 4 N  M D E  
SHLF PRI  H T R S  ON RAM R 3 E  
R E M  A % E D  WTR O N  M A N  PtDE 
REW 3 RED HYR ON BAN %DE 
R E X  C RED t i T R  O M  #AN H 3 E  
R E N  D RED HYR OM RAN RDE 
SHLF R E 3  H T P S  ON M 4 N  W3E 
ENA P R I M  H T R  9US 
E N C  R E D  H T R  3US 
01.5 P R I M  HTR S U S  
DXS- i?FG HTR I?US 
TM S f 4 A  HYR ENABLE 
T H  E X T  S T 9 Y  HTR E V A  
H I Q C E  H T R S  O N  
ENA UP SUPP STR 3 4  H T Q  
E N a  U p  S U P ?  STR 38 HTR 
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Table 19.2-4. Telemetry Points, Thermal Control Subsystem 
*Rad L w ,  Y e l l o w  Low, Yellow High. Red High. Delta 
LSD-WC-263 
19-18 
Table 19.2-4. Telemetry Points, Thermal Control Subaystem (Cont'd) 
Srrboyrjtea, 
ioauEe, 
sic Description L h i t "  , 
R F C  AUTOTRACK F 3 E 3  SOURCE TEYP 
R f C  FkbJEL (304, FDUNT) T f Y P  
' IFC K U  UPCD'!VERTES T E P P  
S F C  K U  4 2 T i ) T q A C K  F E E D  A S S Y  TEHD 
RFC F D A Q E  T C Y F  3 
RFC K U - T d T a  3 R S C P L A T E  TEMP RE3 
i13Lf X-TUTA SICE: TEPF 
R F C  K U  DOUNCONVTRTER T E M S  
d5M + X  COWER T E ? ?  
U 3 Y  A U T 3 T ? A C r (  Q C Y Q  TEMP 
d 3 M  "SU T E V P  ( * Y  P A N E L )  
4!3M X-TWTA 3 A A S F 3 L 4 T f  TEMP P R I M E  
M 3 M  *Z F A N E L  TZ;*!P 
WSFt Y U  F R E i  SOULtCE TEMP 
h'9M X - ; J h Y D  FRE3 SOURCE TEHP 
U 3 ? l  P S U  T E Y ?  ( - X  P k N E L f  
d3U. G I Y S A L  D S I V E  E L E C T Q O N I C S  T E ? P  
d9F? X - T S d T A  3 C S E 7 L A T E  T E V D  SEO 
WRN 'JQPSK wODULATOR TEMP 
RFC KU-TUTA S f 3 E  T E Y P  
G C A  E L E V R T I O N  M l T O R  T E V P  P S I H E  
GGP, AZIMGT'-i  f lCITCS TERF REDUVDAVT 
3 I U  @ ? A  TEMP 
'ITU 6 ' 3  T E Y P  
"*d Low, Yellow L c i ,  Helbow Eigh, Red nigh, Dclta 
19-19 
SVS-102 6 6 
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Table 13.2-4 .  Telemetry Points, Thermal Control Subsystm (Cont’d) 
Subsystem, 
Module, 
Instrument Mnemonic Descr ipt ion L i m i t *  
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SubrayoferP. 
Modull.el, 
Lnetrumont Hnmonic b r c r i p t i u n  
. .  
- b  
L SD- W C -  2 6 3 
, 
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Table 19.2-4. Telemetry PcXntn, Thermal Control Subsystem (Cont'd) 
Subsyr e m ,  
Hodule, 
Instrumcane ?hmnorric 
USCnTR2 . 9SCLTHT 
JSC- ITR J 
J S C  JTKT 
J S C n T q 4  









PAYLOA3 HTC 6 TnERHOSTAT RYP4SS.fCNA 
$ / >  YEATER I E N h / C I S A  
S I C  r iEATER 1 THERf lOSTAT SYPASSIENJ4 
S/pI HEATER 2 E N A / D I S A  
S / C  YEATER 2 THERMOSTAT B Y P A S S I E N A  
S I C  H E A T E 2  3 E h J 6 / 3 I S A  
S I C  HEATER 3 TdCFtMOSTAT 3YFASaS/E#4 
S I C  i rEATER 4 ENA/C)ISL 
S I C  HEATER 4 THESFlOSTAT SYPASS/ENA 
j / C  4EATER 5 E N 6 / 3 1 S A  
S / C  HEATER i ThERMOSTAT 3 Y P A S S f E " I h  
S I C  4 E P T i R  6 E N A / O I S A  
S / C  HEATER 6 THESFlOrTAT ?YpASS/EQA 
s c  S CU H E A T E P  A E N A B L € 3 / 0 I S A B L E O  
sc & CU YHESYCSTAT A BYPASSE3/EUABLED 
SC 6 CU 4EATER E P 4 A B L E D / D I S P B i E D  
I_- Sc 8 CU THERMOSTAT 8 B Y ? P S S E D / E X h B L E D  
SC 3 CU T E M ? E R h T U R E  
SPACECRAFT S T W C Y U R E  TEHP : 
SPACECRCFT S i r t J C T t ~ f i E  T T H P  1 
SPACECRAFT STSUCTURE T E E P  f 
Sr"&CC.CRAFT SYRIJCTURE TEPP 0 
S P A C E C 9 A F T  SjPRUCTURE TEYP S 
SDACTC4LFT STRUCTURE TERP 5 
4 1 U  244 TE"PERATUPE 
X I U  04s TEMaEQATURE 
*Red Law, Y e l l o w  Law, Y e l l o w  Rfgh, Ked High. Delta 
Limit* 
I , 
LSD-WP C- 263 
19-23 
SVS-10266 
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Table 13.2-4. Telelnetry Points ,  T h e m 1  Control Srshsfstern (Cont .-?) 
Subsystem, 
Module, 
Irotnment Mnemonic Description 
REM A ? 4 I W A ? Y  *EATER ON/OFF 
REY 3 PR1YAi.Y -1CATER ON/DFF 
2EH C PRIXtdRY J E A T E R  0N;OiF 
REM 0 PRIMAF'Y HEATER Ohl/OFF 
SHELI; ? ? i # A Q Y  HEATERS ON/OFF 
? C Y  A 2EDUN3ANT . IEATE9 ON/SFF 
REY €3 PE3UUD4NT HEATER OU/OFF 
REM C REDUNgANT r l E A f E R  Q N I O F F  
ZCM D SEJUNJANT HECTER GN/OFF 
SHCLF t?EDUNDANT H E A T E Z S  O N I O F F  
R E V  A TE!4P 1 (PUE-AS 
REW A TEHP 2 ( P X E - A I  
RE? S TEXP 1 (PRE-A, 
REM 8 TEHP 2 (PHE-A) 
REI' C TEMP 1 (Pr4E-k)  
? r x  c YEXP 2 (P'AE-A) 
REU 3 TERP 1 ( P 9 E - A )  
RZ!4 0 TEMP 2 ( P I I E - A )  
TANK 1 TI-RP 
TANK 2 TEM3 
TANK 3 YEMP 
L/V 1 T E R P  CPVE-A) 
L / V  2 TEMP ( P X L - A )  
L / V  3 TEWP (PYE-A)  
SEAM TE'!? CEYTCF( I P P E - A )  
SfAM TEYP REX A ( P P E - 4 )  
? R I / P E X J N O  X T 2  5bS E N A / D I S A  
P Y - I &  P q f  TANK HTR E N f i l D I S A  
Pi.1-lA ?RI  L I N E  n T 3  E N A / D I S A  
P M - 1 A  P R I  L I N E  HTR THMSTAT BYP/CZrl% 
P M - I A  R L D  TArJK HTR ENA/DXSA 
PV-XA R E 3  L I N E  HTR E W / C I S A  
P"ILA 9 E D  L I N i  PTR THMSTPT 3YP/EY& 
p V - 1 a  TANK T C q r E R b T U Z E  
? Y - I A  FUEL T E H D C R ~ T U Q E  
?;*l-IQ C I N E  TZY?:qPTU?E 
.2 : u __ 
*Red Lou, Yellow Gnu,  YeiLow High, Red High, Dc'ta 
Limit* 
LSD-WC-2 6 3 
19-24 
. -- . 
Table 19.2-4. Telemetry Points, Thermal Control Suberystena (Cont'd) 
Subsystem, 
Module Ins tnimen t Mnmonf-c Be Gcr ip tiun L i m i t 9  
*Red Low, Yel low Low, Yellow High, Red High, Delta LSD-WPC-2 6 3 
13-25 
SVS-10266 
TaLle 19.2-4. Telemetry Points,  Thermal Control Subayeta (Cont'd) 
91 4EKgOJY TEWDCRA TURE 
SILICON FZICAL OLANE T € M O  
SAL SHUTTCR TEMP 
8ACK-U;) S Y u ' Y T E R  TEND 
COL3 STAGE T E Y P  A (COLD) 
COLO S T A G E  7E3P B ( H O T )  
IUTE8EOIATE STAGE TEPP 4 
I h T E R E O I A T Z  STAGE T E M P  9 
C O L D  FOCAL PLAVE ASSY C N T S L  TEN? 
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I AEB 5ETE-50tZ GSEk%LZ {SAUJ.&j 
20 1 FUIWfJONAL DESCRXPTION 
The major itemu of t h e  SARDJA are as fo2lows: 
1. 
2. Ordnance Ac t iva t ed  Device 
S o l a r  Array Wing Assembly I n s t a l l a t i o n  
3 .  S o l a r  Array Wing Assembly 
a. Solar Panel  Re ten t ion  Assembly 
b. S o l a r  Array Hinge Assembly 
c .  
d .  S o l a r  Array J e t t i s o n  Assembly 
e. P0wc.r Binge Assembly 
f. Power Hinge Module 
Sync Cable Assembly and l n s t a l l c t i o n  
20.1.1 r n W P C A L  
The SARLlJh interfaces rnechanieally with t h e  Instrmemt KoduPe (IM) s t i m c t u r e ,  
t h e  S o l a r  Array Drive and Power T r a n s f e r  Assembly (SADAPTA), and t h e  s o l a r  a r r a y  
panels.  
LSB-WPC-263 
" 3  
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Table 20.1-1. S W S A  Functions 
RETAXM Solar Array t o  Separation Ins t nsment 
Instrunent Module structure Nuts & 
i n  B towed conf igueation 
within launch veh ic l e  
f a i t i n g  dynamic envelope 
BoSXs 
RELEASE Solar Array 
fron I n s t m m n t  Module Conditioning 
structure & Control Unit 
DEPLOY Solar Array to  
and RETAIN i n  o r b i t a l  







I Power H i n g e  I 
JETTISON Solar Array 
by e c h a n i c a l  and 
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20 * 1 $2 ELECTRICAL 
, 
The SARDSA i n t e r f a c e s  e l e c t r i c a l l y  with: 1) t h e  S i g n a l  Conditioning and Con t ro l  I 
Unit ( S C b C U )  i n  t h e  MMS (rahich provides  power t o  e n e r g i z e  t h e  s e p a r a t i o n  n u t s )  
and 2) t h e  Power D i s t r i b u t i o n  Unit  (PDU) which provides  power and c o n t r o l s  t h e  
power hinge f o r  deployment, and 3) t h e  SADAFTA (through which a l l  electrical 
i n t e r f a c e  c i r c u i t s  pass) .  
l 
20.2 P E W 0 R I ~ ' C E  CAPABILITIES 
I
20.2.1 .RETENTION 
The SARDJA r e t a i n s  t h e  S o l a r  Array Wing Assembly t o  t h e  It4 s t r u c t u r e  i n  t h e  
stowed p o s i t i o n  wi th  s e p a r a t i o n  n u t s  and b o l t s  a t  f o u r  p l aces .  
20.2.2 RELEASE 
Ac t iva t ion  of  t he  EED ( s e p a r a t i o n  n u t )  r e t e n t i o n  dev ices  does not g e n e r a t e  
me!chanical d e b r i s  nor does i t  emit gaseous p roduc t s  of combustion. An enclosed 
gas dr iven  p i s t o n  spreads a segmented c a p t i v e  n u t ,  ~ ~ E E K ~ B Y  allowing release of 
t h e  s o l a r  a r r a y  panels.  t h e  
shock imparted t o  t h e  s p a c e c r a f t  at release of ehe solar a r r a y  panels.  
The r e t e n t i o n  device has Been deefgned t o  miillraize 
20.2.3 DEPLOYPENT 
20.2.3.1 Control  
Deployment i s  e f f e c t e d  by t h e  continuous a p p l i c a t i o n  of  e l e c t r i c a l  power from 
t h e  PDU t o  e i t h e r  motor of t h e  power hinge. 
20.2.3.2 Stops 
P o s i t i o n  stops are provided a t  each hinge a x i s  of r o t a t i o n  t o  l i m i t  panel  
t r a v e l .  Each atop is capable  of su rv iv ing  t h e  r e s u l t a n t  f o r c e s  without  
permanent d e f o n u t i o n  a s  t h e  a r r a y  pauels reach t h e  deployed pos i t i on .  Two 
switches i n d i c a t e  when t h e  Power Module hinge l i n e  has reached t h e  s t o p  p o s i t i o n  
and then a p u l s e  count is begun. A f t e r  2048 pu l ses  by t h e  PDU, electrical power 
t o  t h e  Power Hinge uotor is terminated.  
20.2.3.3 Preload 
I n  t h e  deployed p o s i t i o n ,  t h e  Power Hinge srops a r e  m i n t n i n e d  i n  contact by a 
minimurn hinge l i n e  torque of 100 in- lb .  All o t h e r  s t o p e  a r e  iriaintalned : I 
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20.2.3.6 Synchronfxa~ioa 
All pane l  hinge motions ere synchronized pd~d c o n t r o l l e d  by p 
rec lude  any poserfbilf t y  of the airruy s t r i k i q j  the apac%crmfe 
20.2.3.5 Deployment Torque 
Deployment eorque a t  each h inge  l i n e  is suppl ied  redundant ly .  Mul t ip le  to rs ion  
springs apply t o q u e  d i r e c e l y  t o  t h e  outboard pane l s ,  and the, Power Hinge 15 
cepalble of s u p p l y i n g  t h e  requi red  eorque eo t h e  Hinge Lines  t h r  
eynchtonLz~. t fon devices. Del ivered  eorque is a minimurn of two t i  
hudgeted f r f c c f o n  torgua  which t h e  Power Hinge ie required eo overconm ae each 
hinge l f n e .  
20.2.3.6 Control  
Power Hinge Motor speed combined wi th  eynchroni re t ion  is usad eo c o n t r o l  the 
deployment ra te  and t o  swtfafy  deployment t f m  requi raaenea  (paragraph 
2 0 . 2 . 3 . 7 ) .  
20.2.3 .J Deployment. Time 
The elapsed time from app leco t ion  of power from t h e  PDU u n t i l  all p m o l s  are 
deployed a p i n l e t  t h e i r  s t o p s  does not exceed 20 minuteti over  the planned rango 
of opera t ing  temperatures  i n  a vacuum envf ronment. 
20.2.4 JETTISON 
20 .2 .4 .1  Sola r  Array Separa t ion  
Mechanical and e lec t r ica l  s e p a r a t i o n  of t h e  S o l a r  Array from t h e  s p a c e c r a f t  are? 
i n f t f s t e d  by 5enns o f  an EED a t  t h e  s e p a r a t i o n  plane.  
20.2.4.2 S o l a r  Array J e t t i s o n  
Coincident with sepa ra t ion ,  t h e  solar a r r a y  f a  J e t t i soned  from t h e  s p a c e c r a f t  at 
a minimum ve loc f ty  of 1.0 ft/raec. The  J e t t i s o n  force,  provided by 8 comprrscseed 
s p r i n g ,  is designed t o  minimize tumbling of t h e  a r r a y  (i.e., f o r c e  vec to r  is 
t h r u  the  CG of the  S o l a r  A r r a y )  as i t  sepa ra t e s  €rom t h e  spaccc rn f t .  
2 0 . 3  NODES OF OPEFIATION 
Launch Node - SA ratwined (Stowed) 
Orbit Mode - S A  being deployed (Deployment) 
Orbit Mode - S A  deployed (Operseing) 
O r b i t  Mode - S A  J e t t i s o n :  SA separa ted  f rom spacec ra f t  cat rainlmum 
__- I 
v e l o c i t y  of 1 f t / a e c  
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20.4 CONSTRAINTS 
The r e t e n t i o n  release f i r i n g  p u l s e  s h a l l  br app l i ed  aiamltaneoualy t o  
d i a m e t r i c s l l y  opposed p a i r s  of EED's. The second p a i r  o f  EED's muat be f i r e d  
wi th in  five seconds of t h e  f i r s t  p a i r .  A f t e r  i s s u a n c e  of  a f i r i n g  signal t o  a 
pair of EED'a, c a r t r i d g e s  must f i r e  w i t h i n  5 ms of on@ anothes.  Each s e p a r a t i o n  
n u t  has two EED c a r t r i d g e s  which must be f i r e d  8 i m l t a n c o u s l y .  
The r e l e a s e  of t h e  Solar Array Panels  Ps accomp.?.iahed by a completely redundant 
system. A l l  of t h e  EED's f o r  t h e  s e p a r a t i o n  Q U ~ S  employ redundant c a r t r i d g e s  
( two/nut) ,  and t h e  power axh.&m are rerhndant  (motora and speed r educe r s ,  
harnesses) .  
20.6 CObfMANl3S 
Descript ion of SAR1)JA coamnds t o  be f ~ n d  in the PBli Comand Directory2 
Sectior? 11.6. 
Desc r ip t ion  of SARr).JA t e l eme t ry  t o  be found i n  the PDU Telemetry Directmy, 
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I M  STRUCTURE 
1.z. 
Figure 20.3-1. 




21.1 FUHCTXOHAJ. DESCRIPTION 
The mafor items a€ the BARDJA are as fo.knds: 
8 High Gain Antenna 
o Boom Assembly 
o Power H i q e  Module 
e GPS Support Structure 
a Cable Cutter 
o Ordnance Actuated Device 
S@,e Figure 21.1-1 , f o r  locat ion o f  boom R ~ I C ~ ? ~ R E  related Yrrcfiarnisrm and Figure 
2L.L-2 f o r  t h e  subsystem b lock  diagram. 
j The f u n c t i o n s  performed b y  the RMCUA components $re shown below in Table 
2 I * 1-1. 
LSD-kiC-263 
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Table 21.1-1. B A R a J h  F m c t i o n s  
PERFOR%D BY -FUNCTION INTERFACE 
RETAIN Antenna Boom 
t o  Instrument  Nodule 
s t r u c t u r e  i n  stowed 
c o n f i g u r a t i o n  w i t h i n  
launch v e h f c l e  
f a i r i n g  
R e t e n t i o n / r e l e a s e  Ins t rument  
Mechanism Module 
s e p a r a t i o n  n u t  S t r u c  t u r e  
and b o l t  
JETTISON Antenna Boo= EEP * s  S e p a r a t i o n  S i g n a l  
__-_I 
by mechmica l  and 
e l e c t  r f c a l  s e p a r a t i o n  6 Control 
Nut V Band 
E l e c t .  Discan. Unit  
Cond I t Fonf ng 
Spr ings  Instrument  
Module 





r - J '  
SCS-13266 




31 December 1981 
21.1.1 XNTERFACE DEFINSTXON 
2 L . L . L . L  E C h a n i c a l  
The B W J A  i n t e r f a c e s  mechanical ly  w i t h  t h e  I n e t m e n t  Modcle ( I M )  S t r u c t u r e ,  
t h e  Global P o s i t i a n i a g  System (GPS) antenna and pre-Acap/filter, t h e  wideband 
communication RF compartment and t h e  antenna gimbal d r i v e  of t h e  Wide Band 
Communlcetions System (WBCS). 
21.1.1.2 
Tne BARDJB i n t e r f a c e s  e l e c t r i c a l l y  w i t h  t h e  S- ;a1 Coud.ttioning and Contro l  Uni t  
(SC&CU) i n  the MMS (which provides  power t o  c . Tgize t h e  s e p a r a t i o n  nuts) and 
t h e  Power D i s t r i b u t i o n  Uni t  (PDU) (which . das power and c o n t r o l s  t h e  power 
hinge f o r  deplaymsnt).  The electrical clrcr, ,€ t h e  Global P o s i t i o n i n g  System 
and t h e  Wide Band Communications System us*: the BARDJA as a condui t  only.  
21.2 P R E F O W C E  CAPABILITIES 
21.2.1 RETENTION 
.U_ 
The BLYQJA r e t a i n s  the Boom t c j  the  It4 a t ~ u ~ t u c e  i n  t h e  stcwed position i n  order 
\ to witherend treasportabion and launch loads.  
21.2.2 LOCKOUT 
The Boom s e c u r e s  t h e  RF compartment in t h e  stowed p o s i t i o n  to  withstand t h e  
l o a d s  i n  a manner t o  lidt tne mean Her tz ian  stresses i n  t h e  bear ing races of 
t h e  Gimbal Drive Assembly (GDA) t o  386 ksi., and t h e  maximum b a l l  c o n t a c t  
e l l ipse t o  a shoulder  o v e r r i d e  not  exceeding 17 percent .  
21.2.3 RELEASE 
The Pelease izethod of t h e  boom r e t e n t i o n  and t h e  GDA launch l o c k  genera tes  no 
l o o s e  loechenical d e b r i s  and r e t a i n s  gaseous products  of cambustion. The release 
minimizes t h e  shock imparted t o  t h e  s p a c e c r a f t  e x p r i m e n t a .  
21 * 2  * 4  3EPLOYMENENT 
21.2.4.1 Control  
II-
Deployment: is e f f e c t e d  by t h e  ~ O ~ I ~ : R U G U S  a p p l i c a r i o n  o f  electrical power from 
th% PDU t o  either U ? O ~ O X :  of t h e  Powzr Ningks .  
21. .z -4.2 S t o p s  
2osition stops a r e  provid-2d a t  e.*r.:. hinge axis 0: rotation to  l i m i t  t h e  t r a v e l  
in the deployment d i r e c t i o n .  Ec;ch Z * & G F  is capable  of s u r v i v i n g  t h e  resuleant 
LSD-WPC-263 
21-5 
forces wftti no permanant deformcatfon 6s the boom u mentea reach t4e  dcsployard 
posbCion. The b o o n  coaintainae its deployed gositlnrr w h  i 1a pu 18 ad E. hrrie Le ra 
imparl: l i n e a r  e c c e l e r a t b n s  of 2 .6  in i s iwb  along rho, x a x i s  and taiuuhr 
accelerations of 001)0L28 redians/sec2 about the y (ixitp with the tOE&l &%pacecraft 
weight a €  3444 pounds. A swi tch  i n d i c a t e s  chat t h  
reached the atop poeft ion and i d t i a t a s  the 
Srupplied, Elf WtlLCh time the tslactrfcrnl power t o  EtlB 
2 1 . 2 . 4 . 3  Preload 
L n  the dcpboyed pos i t ion ,  eha Power Iiinge stope tare maintained i n  contact  by 81 
mfnimunc hfngo line torque of 300 in. lb. 
21 -2.4.4 Torque 
21 .2 .5 .1  Xlidebsnd C o r n m u n i c r a t ~  Subsystem (WUCS) 
'Cha boom supports the WUCS KF cornpertinent aiid antetiua for  operation t h r o q h  the 
gimbal d r i v e  a s n e m b l y .  
2 1 . 2  .5 . 2  
Tho b o w  whsll support the CPS antenna and prusiiIplifier. 
6 l o b  cl 1 Po B t t ion 1114 S y a t em -
2 1.2.6 JE'IXTI SON 
SV S- LO 266 
The modae of operation arb r e t a i n ,  deploy,  oparate and jaethrson. Table  21.1-1 
derJcribae the BAKDJA function8 and Figure 21.3-1. ilhustretata the daploymunt 
sequence. 





After ~ a e ) t :  deployment and a t t i t u d e  s t o b i l i z a t t o u ,  relaaea launch lock. 
Activate C t m b e i  Drive Electtonice and v e r i f y  iiizfmuth and e l e v a t i o n  
anglee by ts lumstry,  
Azimuth angle ehould be stow p o e i t i o n  (azimuth resolver reading 200 
+TBD degrees, r e f e r  to LD91107). I f  deploymane shock has displaced 
azimuth, slew t o  200 dag-ecs reso lver  p o s i t i o n  by command and re- 
v e r i f y .  
- 
21.5 REDUND:Lb!CY 
The boom saparat!an nuts  ( E E U )  =tan be  mtivuteci  by rtiduidrat power curtr idges  
which rece ive  i n d a p e n d m t  simultaneous f i r i n g  pU1UCs. Urplogment of the boom 1 s 
e f f e c t e d  by either of two redund~tnt motors at each of tlie Pousr Hiwas. 
2 1 .6 COPMAN DS 
DAWJA c:xnmends w i l l  be explainad i n  the PDU C o w n d  Dfreetory. 
2 1.7 TELEHE'I'IIY 
BAKDJA tolametry w i l l  be oxpleirrad i n  the PDU Tolemetry Directory. 
i? L-7 
+ 
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The Landaat-D F l i g h t  Segment S t r u c t u r a l  Subeyetern c o n o i s t s  of  t h e  basic 
s t r u c t u r a l  members r equ i r ed  t o  form a f l igh twor thy  epase?eraft  framework. The 
S t r u c t u r a l  Subsystem w i ~ l  exist i n  t h r e e  eonf igu ra t ions :  launch, o p e r a t i o n a l ,  
and recovery.  I n  t h e  launch configuratbon,  t h e  s p a c e c r a f t  w i l l  be enclosed 
wi th in  t h e  shroud of a Delta  3920 booatet ;  i n  t h e  o p e r a t i o n a l  conf igu ra t ion ,  an 
antenna boom (with antennas)  w i l l  be deployed as wel l  as a set of fold-out  solar 
panels.  I n  t h e  recovery eonfigurseian, the antenna boom (wi th  antennas)  and t h e  
solar p&nels w i l l  have been j e t t i s o n e d  t o  rebake ready for celptuure and eubsequent 
stowage I n  t he  cargo bay of t h e  Space S h u t t l e .  F igu re  22-1 g i v e s  a g e n e r a l  view 
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Ffgure 22-1. Londsat-D F l i g h t  Segment Orbf t a l  ConEigurat ion 
L SD- WPC- 24 3 
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22.1 FUNCTIONAL DESCRIPTION 
Tho kandsat-D F l i g h t  Seg n t  s t r u c t u r e  p rov ides  the suppor t  and housing 
necessary  t o  p o s i t i o n  and p tect the comaponetnta of the v a r i o u s  f l i g h t  segment 
subsystemn dur tng  test ,  pre-launch, launch,  o r b i t a l ,  and recovery ope ra t ions .  
I n  a d d i t i o n ,  i t  provides  t h e  r e fe rence  p lanes  and axes umad f o r  de f in ing  t h e  
f l f g h t  segment coord ina te  system; ovides  the  m u n t i n 8  s u r f a c e s  f o r  components, 
m c h n n i  8 ~ 1 8 ,  and equi p m n t  , and intai i i r ;  the alignment of t h e  components; and 
provides  t h e  rou t ing  pa ths ,  attachmane p o i n t a ,  and i n t e r f a c e  connec tor  mounts 
f o r  t h e  a l o c t r f c a l  sig'inl avd power hiarneeses. 
The F l i g h t  Segment is cornposed o f  t he  Pollowin$ mjor s t r u c t u r a l  c lements:  (1) 
Inserument Module primary structure, (2) HI% aupport  s t r u c t u r e ,  (3) Bolar a r r a y  
s u b s t r a t e ,  and (4) TDRSS antenna boom. The f i r s t  s t r u c t u r a l  e lement ,  the IN 
primary s t r u c t u r e ,  is f u r t h e r  divjided i n t o  t h r e e  pa r t e :  t h e  upper  suppor t  
s t r u c t u r e ,  t he  mission a d a p t e r ,  and t h e  tnss  assembly. The second s t r u c t u r a l  
e lement ,  t h e  blHS support  s t r u c t u r e ,  i dc ludes  t h e  TrSaqul rar  T r a n e i t i o n  Adapter. 
The Inseruaent  Module primary s t r u c t u r e ,  vrth Pes three? component. parm,  Pe 
shout; in Figure  22.1-1. The upper t~iipporf o t r u c t u r e ,  ~hown s e p a r a t e l y  i n  Figure: 
22.1-2, serves a4 nuraber of purposes: (1) it pro~idas the stmceure onto w h k t r  
most of the IM s u b s y s t a a  are mounted, and pro tec t s  rhe  coaponenta which 
mounted w i t h i n  its  e o m p n r t ~ ~ e n t s ;  ('2) i c  provides f u r  atowrage of elre TBRSS 
antenna boom and solar array assembly; (3)  i t  provide8 for heat: d i s s i p a t i o n  
through i t 5  per fora ted  upper  pane ls ;  (4) i t  provides  one of eke two points by 
which t h e  XE4 is l i f e e d ;  and (5) i t  provides  s t r u c t u r a l  c o n t i n u i t y  between i t s  
s to rage  compartments and t h e  Mission Adapter. Removable pane ls  i n  t h e  upper  
support  atrueture a l low B C C ~ S E  to i n t e r i o r  mounted cobponenta dur ing  t e a t  and 
pre-launch ope ra t ions .  F igure  2 2  .l-3 shows t h e  l o c a t i o n  of compo-tents mounted 
wi th in  the  upper support  s t r u c t u r e .  
! 
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I 
Figure 22.1-1. Instrument Module Primary Structure 
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The Xnstrurnent Module is jo ined  t o  t h e  MHS by means of t h e  Mission hdkapter. The 
Mssion Adapter is designed to  mate wi th  t h e  T r i a n g u l a r  T r a n s i t i o n  Adapter of 
t h e  MNS. The Mission Adapter also provides  mounting s u r f a c e s  f o r  t h e  Power 
D i s t r i b u t i o n  Uni t  (PDU), two Remote I n t e r f a c e  Units  (RXU), and one Expander Uni t  
(EU). See F igure  22.1-4 f o r  t h e  l o c a t i o n  of t h e  mounted components and for t h e  
l o c a t i o n  o f  t h e  p o i n t s  a t  which the  Minsion Adapter is a t t ached  t o  t h e  
Tr i angu la r  T r a n s i t i o n  Adapter, t h e  I M  upper  suppor t  s t r u c t u r e ,  and t h e  IM truss. 
The t h i r d  component of t h e  IM primary s t r u c t u r e ,  t h e  t r u s s ,  conp le t e s  t h e  
s t r u c t u r a l  des ign  of the  IM p o r t i o n  of t h e  F l i g h t  Segment. It ties the  end of 
t h e  upper suppor t  s t r u c t u r e  t o  t h e  end of t h e  Mission Adapter, allowdng space  
f o r  t h e  Theaa t i c  Mapper. 
The truss assembly is s h o w  as p a r t  o f  t he  I M  primary s t r u c t u r e  i n  F igure  
22.1-1. 
It also provides  t h e  second p o i n t  f o r  l i f t i n g  t h e  IM. 
The second m j o r  s t r u c t u r a l  element of t h e  F l i g h t  Segment is che Mpls suppor t  
s t r u c t u r e .  I t  provides  amtinting s u r f a c e s  f o r  t h e  va r ious  MHS subsystems as w e l l  
as rou t ing  pa ths  f o r  e lectr ical  in t e rconnec t ions .  The ?%S m p p o r t  strueturz 
inc1.udes t h e  T r i e s g u l z r  T r a n s i t i o n  Adapter, t o  wtiich t h e  Kission Adapter o f  t h e  
IM is a t t ached .  F igure  22.1-5 i s  an exploded view of the P E S ,  and shcvs t h e  
support  s t r u c t u r e ,  T r i angu la r  T r a n s i t i o n  hdep te r ,  srtd t h e  HFjS bubeyatemcs e 
The So la r  Array S u b s t r a t e  is t he  t h i r d  major element of t h e  F l i g h t  Segntent 
s t r u c t u r e .  I t  forms t h e  base on to  ah ich  t h e  s o l a r  c e l l  a r r a y s  are a t t a c h e d ,  and 
suppor t s  t h e n  under  t h e  -.drying load  cond i t ions  of t e s t ,  launch, deployment, and 
o r b i t a l  ope ra t ions .  The s u b s t r a t e  provides  a s t r u c t u r e  upon which ewo of  t h e  
c o a r s e  SUR s enso r s  a r e  mounted. The s o l a r  a r r a y  is fo lded  i n  a stowed p o s i t i o n  
dur ing  launch,  deployed f o r  o r b i t a l  ope ra t ions ,  and j e t t i s o n e d  p r i o r  t o  t h e  
recovery of t h e  F l i g h t  Segment by t h e  Space Transpor t a t ion  Systern. The s o l a r  
a r r a y  is E[IOWIY i n  i t s  deployed p o s i t i o n  i n  F igure  22-1; Figures  22.1-6 and 
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Figure 22.1-4. Component Packagfng cnd 4ttachment P o l n t s ,  Mission AJapter 
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F i g u r e  22.1-6. S o l a r  Array, Stowed Position 
LSD-WPC-2 6 3 
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The f o u r t h ,  and f a s t ,  major s t r u c t u r a l  element of the F l i g h t  Segment s t r u c t u r e  
i 6  the TDRSS antenna boom. The boom suppor ts  t h e  e l e c t r o n i c @ ,  dri.ie n e c h a n i s w  
and high-gain antenna which is used t o  communicate w i t h  t h e  TBIPSS. It also 
provides  a mounting s u r f a c e  f o r  t h e  GPS L-band antenna.  The TDRSS antenna is 
stowed i n  t h e  upper suppor t  s t r u c t u r e  dur ing  launch and is j e t t i s o n e d  p r i o r  t o  
recovery by t h e  Space T r a n s p o r t a t i o n  System. It is shown i n  i t s  deployed 
p o s i t i o n  i n  t h e  general, view of F igure  22-1; Figures  22.1-8 and 22.1-9 i t  
stowed and a t  s e v e r a l  s t a g e s  dur ing  deployment. 
show 
22.2 PERFORMANCE CAPABILITIES -- 
22.2.1 FS COORDINATE AXES 
The c o o r d i n a t e  axes  f o r  t h e  F l i g h t  Segment are des igna ted  XF,  Y , and Z . They 
are based upon a body f i x e d ,  r ight-hand C a r t e s i a n  c o o r d i n a t e  sygtem, wyth t h e  
o r i g i n  locat.ed a t  t h e  i n t e r s e c t i o n  of XF, Yp, and ZF. S p e c i f i c a l l y :  
@ The +xF axis is def ined  t o  be perpendicular  t o  t h e  IM/M i n t e r f a c e  
p lane ,  whFch is in turn defined by the. i n t e r f a c i n g  surface of t h e  XM 
Mission Adapter. The axis i n t e r s e c t s  tho i n t e r f a c e  plane et t h e  
geometr ic  c a n t e r  of t h e  Mission Adapter i n t e r f a c e  bolt h o l e  circle, 
w i t h  i t s  p o s i t i v e  sense  d i r e c t e d  through t h e  Pnstrument Module from 
F t h e  FS coord ina te  s y s t e a  o r i g i n  (def ined  by the i n t e r s e c t f o n  of the X a x i s  and the  Mission Adapter i n t e r f a c e  p lane) .  
The +YF axis is def ined  t o  be p a r a l l e l  t o  t h e  nominally a x i s  
of t h e  solar a r r a y  d r i v e  s h a f t ,  w i t h  p o s i t i v e  s e n s e  outboard on t h e  
s i d e  o p p o s i t e  t h a t  of t h e  deployed s o l a r  a r r a y *  
def ined 
8 The +Z axis is def ined  t o  be mutual ly  orthogonal t o  t h e  X and Y 
axes, Fwith i t s  p o s i t i v e  sense  def ined so  as t o  complete a Hight-hang 
C a r t e s i a n  coord ina te  system wi th  X and YF. The nominal o r i e n t a t i o n  
of +zF is p a r a l l e l  t o  tk:o opf ica l  axes  of t h e  MSS and TM payload 
ins t ruments ,  wi th  p o s i t i v e  sense  d i r e c t e d  outboard in t h e  same 
d i r e c t i o n  as t h e  f i e l d  of view of the  TM and MSS. 
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ms AXES 
There is also R coord ina te  system which is r e f e r r e d  t o  in documents p e r t a i n i n g  
t o  t h e  MMS. This  system, desc r ibed  he re  €or in format ion  on ly ,  d i f f e r s  from t h a t  
used for t h e  o v e r a l l  f l i g h t  segment. 
yM, and % t o  d i s t i n g u i s h  them from t h e  FS axes-are def ined  as fol lows:  
--
54, The t h r e e  mfs coord ina te  axes--labeled 
B a x i s  is perpendicular  t o  the  IM/MFf.S i n t e r f a c e  p lane ,  which is 
:eh:i& here  as t h e  i n t e r f a c i n g  s u r f a c e  of t h e  Tr i angu la r  T r a n s i t i o n  
Adapter (TTA). The v s  intersects  t h e  i n t e r f a c e  p lane  a t  t k e  
geometr ic  center of e TTA i n t e r f a c e  b o l t  hole circle.  The p o s i t i v e  
is  d i r e c t e d  through t h e  MMS from t h e  MMS sense  of the  
(def ined  a8 the  i n t e r s e c t i o n  of t h e  X a x i s  
w i t h  t h e  YM, ZM plane) .  
t r u n i o n  
Ffgure  22.2-2.  
load ptln, a l s o  a s  shown i n  ~iguse 22.2-2. 
M 
e The CYM a x i s  is nonfna l ly  p a r a l l e l  t o  t h e  a x i s  of t h e  h o r i z o n t a l  
load p i k  of t h e  TTA, with its p o s i t i v e  sense as i n d i c a t e d  in 
CB The +z axis is nominally co inc ident  with t h e  a x i s  of tho  v e r t i c a l  
The  r e l a t i v e  o r i e n t a t i o n  of P&iS coord inntes  ea FS coord lna te s ,  Eor the 
conp le t e ly  assembled F l i g h t  SegnievC it; i l l u s t r a t e d  I n  F igure  22.2-3. Note t h a t  
x Cor 
egch i s  outboard from t h e  TMIEIMS i n t e r f a c e  p l ane ) .  
and XH are nominally co inc iden t ,  bu t  oppos i t e ly  d i r e c t e d  ( p o s i t i v e  sense 
Equations for t ransformfng t h e  coord ina te s  between MMS and FS systems a r e  g iven  




SVS- 10 2 6 6 
Figure 22.2-2. EiMs Coordinates R e l a t i v e  to the TTA 
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Table 22.2-1. Coordinate Transfotmations 
Y p  = -0.5 (YH - 3 Zrr) YM p -0.5 (Yp - ZF) 
zp - 0.5 ( 3 YM + 5) $ - 0.5 ( 3 YF + ZF) 
22.2.2 MATERIALS 
h number of materials are used Ln the various structural  eleraeats of the 
Segment. 
F l i g h r  
These materials are l i s t e d  a s  foLXouB: 
U p p e ~  Support St ruc tu re  (IM) 
Truss Assembly (IM) - Tubes - Cluster f i t t i n g s  
Mission Adapter - Main structure - Side p l a t e  stiffness 
Solar Array Substrate - Face shee t s  - Core 
TDRSS Antenna Boom 
TTA 
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A 
The t o t a l  lsunch weight  of t h e  Landsat  F l i g h t  Segment is 4424.24 lbs*. T h i s  
weight is broken down as shown i n  t h e  d e t a i l e d  weight s ta tement  of Table 22.2-2. 
T o t a l  weight  o f  t h e  F l i g h t  Segment in t h e  va r ious  o p e r a t i o n a l  conf igu ra t ions  is 
shown i n  Table  22.2-3, Mass P r o p e r t i e s .  
22.2.4 XASS PROPERTIES 
The Center  nf Mass (CM), rnomant of i n e r t i a  about  t h e  CM, and products  of i n e r t i a  
a b a u t  t h e  CM are g iven  in Table 22.2-3. These p r o p e r t i e s  are also g iven  in 
Table 22.2-4 for var ious  s o l a r  a r r a y  o r i e n t a t i o n s ,  f o r  a f u l l  fuel. load  and ior 
useable  f u e l  expended. 
The mechanical a l ignment  of the: major IM subsystems is nccomplkshed by 
reElec tznce  tea  t5  Erom r e fe rence  cubes. These tests wi1.I. estxibl lsk t h e  a b z o l n t e  
a l . i~nment  of t l e  subsystem r e l a t i v e  to  t h e  r e fe rence  ax i s  af t he  Landsat-D. 
Tables  22.2-5 t o  22.2-8 define t h e  a b s o l u t e  and ou-orbit knozledgc alignnient 
r equ i r eaen t s  of the s e v e r a l  subsystems. The on-orbit knctw9cdi;c is the 
unce r t z in ty  to l e rance  al lowed on the  a x i s  of t he  sub3ystera which in def ined  by 
ground t e s t  measureuents; i . e . ,  t he  a b s o l u t e  . a l i g m c n t .  Also shown on t h i s  
series of t a b l e s  are expected alignrcent e r r o r s  ( r e f e r r e d  t o  as compliance). 
These p r e d i c t i m s  are based on development tests and a n a l y s i s .  F i n a l  
c o n f i r n a t i o n  of t h e  major subsystem al ignments  will be obta ined  dur ing  Landsat-D 
system t es t s  u t i l i z i n g  r e fe rence  cubes. 
22.2.6 SENSOR FIELDS-OF-VIEW 
There are t e n  senso r s  mounted on t h e  Landsat-D F l i g i t  Segment. These inc lude  
t h e  two primary ins t ruments  (Theraatic Mapper and M u l t i s p e c t r a l  Scanner) and 
e i g h t  o t h e r  s enso r s  as l i s t e d  belov. Each senso r  has  i t  own p a r t i c u l a r  f i e l d -  
of-view; i n  some cases the  FOV is a s imple  cone, o t h e r s  are more complex. The  
va r ious  senso r s  a r e  l i s t e d  below, with r e fe rences  t o  t h e  f i g u r e s  which 
i 1 lu s t ra t e t h e  € i e l d  s -0 P -vi ew . 
o Thematic Napper - FOV is bnsicelly ra cone which i s  3weph. from sF8e-to-s:de. 
See Figures  22.2-4 and 22.2-5. 
e M u l t i s p e c i i a l  Scanner - FOV is b a s i c a l l y  B cone which is swept from side to  
side. See Figures  22.2-4 an& 22.2-5. 
i 
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~1 3 Coarse Sun Serzors, 2 mounted on t h e  edges of t he  3olar array, mcmnted 
on t h e  Upper Support  S t ruc tu re .  FOY oE each senaor e 3 m x t  i o  
approximately 180 degrees ;  however, t h e  sansora are operated i n  combination 
t o  provide t h e  des i r ed  d i r e c t i o n a l  coverage. Note t h a t  t h e  s e a o r  e lements  
are provided i n  pairs, with  one element redundant. P tgures  22.2-4, 22.2-5, 
and 22.2-6 show t h e  l o c a t i o n  of t h e  coats?  sun s e m o r a .  
I n  normal ope ra t ion ,  t h e  two array-mounted senso r s  p m v i d e  d a t a  f o r  c o r r e c t i n g  
the  indexing of t h e  s o l a r  a r r ay .  A s  t he  s o l a r  a r r a y  is iu.dexed, t h e  FOV of t h e  
sensors  change r e l a t i v e  t o  t h e  spaceciraf t. The body-mounted senso r ,  l o r a t e d  on 
t h e  Upper  Support  S t r u c t u r e ,  w a s  intended f o r  u se  i n  a special mode of ope ra t ion  
which is no longer  used; t h e  body-mounted senso r  is t h e r e f o r e  not  used i n  n o m 1  
opera t ions .  
e Fine  sun  Sensor  - Refer  t o  F igures  22.2-4, 22.2-7, 22.2-8. 22.2-9 and 
22-2-10 f o r  l o c a t i o n  and FOV d e t a i l s .  Note that t h e  j a a i c  FOV is 6 4  
degrees  square  ( 5 3 2 0 ) .  
Ear th  Sensor - Mounted on ?QE a t r u t  test SC d CU. Ffgurs 22.2-21 
shows the Iscacioiz. b t e  that there  are tvo  sensc~z: elements. Zigure 
22-2-12 shows the Earth Sensor F3V. 
a S t a r  Trackers  (2)  - Conical f ield-of-view* each cracker. See Figure 
22.2-7, 22.2-8 a n d  2? .2 -3 .  
Q Bright  Object: Sensors  (2) - 2 1  degrees  b a s i c  field-of-view, each 
t r acke r .  See Figure 22.2-7, 22.2-8 and 22.2-9. 
22-21 
LSD -WPC- 25 3 
.-." 
SVS-20266 
32 December 1981 
OUT BOAPZD 
EDGE OF DEPLOYED 
S O U R  ARRAY 
FINE 
SIJN 
sc & cu ESAY 
T?1 FOV" i 
I 
I +ZF 
Figure 2 2 . 2 - 4 .  View Along +YF Axis, Solar  Array S i d e  
LSD-WC-26 3 
2 2 - 2 2  
. 
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j DCTEC;;F, C E L L  S I D E  O F  
SOLAR ARRAY PANEL E L R I E N T S  ( t yc > 
ARRAY -EIOI'NTED 
COARSE SUN SENSOR 
ASSEMBLY (2) 
I.NDIVT.DUA!, SENSOR ELEMENT 
FIELD-OF-VIEW 
BODY-MOUNTED COARSE 
SUN SEN S ( .  AS S EMBLY 
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(See Fig. a J - 9  
f o r  a d e f i n i t i o n  
of t h e  C/L a n g l e  
r e l a t i v e  t o  t h e  
s p a c e c r a f t  
coord ina tcs )  




31 December 1981 * * ,  
for a d e f t n i t i o n  
of the FOV angle 
r e l a t i v e  t o  t h e  
s p a c e c r a f t  
coo rd ina te s )  
Figure 22.2-8. Top View, Looking Along CZ A ~ S  F 
4. I, 
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SThR TRACKEX AW ERIGHT OBJECT SENSOR 
LINES OF SIG?fC COORDINATE ANGLES 
04 - lQ.5' 
8 - i30 
d - 1 5 . 5 5 O  (TRUE LOS hXT X/U 
DATUM PLANE) 
y - 38 .13O 
TRUE L O S .  SVS-10266 
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6 BRIGHT OWECT 
SENSOR 
__p -xF 
FINE S U N  SENSOR 
FOX, APPHOX MATUY 
64 SQUARE (f320) 
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COARSE COARSE 
RETICLE A RETICLE B 
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CIL. FINE 
C/L. COARSE CIL, (fMRSE 




THIS NOTATION INYICATZS i - 
RETICLE FOVs A ? ?  64' SQUARE. 
OTHER ANGLES ARE FO'J FOR 
CP., C O S S E  C/L, COARSE 
RETICLE r\ RETICLE B 
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61' blanklng 4- 61' blanking 
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Earth 1 
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Table 22.2-2. D e t a i l e d  Weight S t a t e m e n t  
ITEM 
MULTI M I S S I O N  MOD S/C (DRY) 
SPACECRAFT (DRY) _I.NOTE 1) 





MULTI P L E U  R 
INSTRUMENT MODULE 
GLOBAL POSITXONING SYSTEM 
L-BAND ANTENXA 
RECEIVER PROCESSOR 




R F  MODULE AND ANTENNA 
TDRS ANTENNA BOOM 
H I N G E S  
M I D  BOOM HINGE 
INBD BOOM HINGE 
STOW MECA AN ISM 
R F  ADAPTERS 
ROOM ADAPTERS 
LATCH HECHAN ISM 
LOCKOUT 
J E T T I S O N  














44 .90  
2 - 3 5  
2.54 
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Table 22.2-2. Detailed Weight. Statement 
I T E M  
WEIGHT 
< LBS ) 
S O U R  ARRAY SYSTEM 168.49 
SUBSTRATES 71.61 
CELLS 39.19 
RETENTION & DEPLOY srs 31.70 
RETENTION SYSTEM 8.38 
II ING E S 6.83 








LOhXR T R U S S  PSSY 
O W 1  ANTENNA S U P T  
TDRS ANT. S U P T .  BRKT 
S O U R  ARRAY RETENSION FTGS 
MSS SUPPORTS 




MSS Mux SUPT.  
KXS INTERFACE ITEMS 
TX F I L T E R  SUPPORTS 
M I S C  ITEMS 
AClUAL WT. VARIATION 
THERMAL SIJBSYSTEM 
13LWKE TS 
I F  ibb4TEiITAL 
COATINGS 
HEATERS 6 THERMOSTATS 









2 . 7 8  








4 . 3 9  
- 2 . 4 9  
0.72 
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REMOTE INTERFACE UNIT 
EXPANDER U N I T S  
BUS COUPLING U N I T S  
POWER D I S T R I B U T I O N  UNIT 
S-BAND TRANSMITTER 
R F  COMBINER 
D I G I T A L  PROCESSOR U N I T  
SUN SENSOR ASSY ON ARRAY 






























FUEL d PKESSURANT 517.20 
FUEL 514 .OO 
P R E S  SURAN T 3.20 
TOTAL LAUNCH WEIGHT 4424.24 
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Tahle 22.2-*+ L'N Alignment (TM Optical A x i s  t o  NACS Reference Cube (MRC)) 
- - ---I- 
Error (Arc- Seco nd 1 
Absolute On-Orb1 t Knowledge 
Requi rement Thet? 3600 
Thet$ 3600 
ThetaZ 3600 
Coap I.iance ThetaX 9 00 
(iSS of 3-signta Errors) Theta 9 00 







Absolute Error - Meet Requirements 
On-Orbi C Knowledge may reqrsi re On-OrbL t C a l i  bratian t o  meet it' 
LSD-WPC-263 
22-37 















Compliance Thet% 5 10 334 
5 40 360 
7 20 492 Y ThetaZ 
CRSS of 3-sigma Errors) Theta 
Shimming w i l l  be used t o  meet a l s o h t e  roqulreaeat 
On-Orbit kaowledge meets requirement w i t h o u t  Ora-Orbit c a l ib ra t ion  
LSD-WC-263 
22-38 
Table 22.2-7. ESAM AE.gnuient (ESAX Cube to MRC) 
Error (Arc-Seconds) 
Absolute On-Orbit Knowladg - 
Requi reme nt ThetaX 3600 
Thetay 3600 
3600 Theta z 
Compliance Thet% 1200 
900 
900 Y ThetaZ 
(RSS of 3-sigrna Errors) Theta 
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